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ABSTRACT - 

The o b j e c t i v e  of  t h i s  s t u d y  i s  to sugges t  a broad  
medical  program i n  suppor t  of advanced manned mis s ions .  Twelve 
f a c t o r s  which concern t h e  gene ra l  h e a l t h  and performance of 
t h e  crew a r e  exaniined; a p p r o p r i a t e  d e c i s i o n s  necessa ry  to 
preven t  o r  r e c t i i ’ y  p o s s i b l e  f a i l u r e s  a r e  e s t a b l i s h e d ;  engi- 
n e e r i n g  i m p l i c a t i o n s  a r e  d iscussed;  and p e r t i n e n t  ground-based 
o r  i n - f l i g h t  s t u d i e s  a r e  proposed. These f a c t o r s  i nc lude :  
we igh t l e s sness ,  r a d i a t i o n ,  meteoroids,  e x t r a t e r r e s t r i a l  l i f e ,  
magnetic f i e l d s ,  h a b i t a b i l i t y ,  a tmospheric  contaminants ,  mech- 
a n i c a l  f o r c e s ,  a r t i f i c i a l  atmospheres, n u t r i t i o n ,  and medical 
c a r e .  

From t h i s  a n a l y s i s  e l even  major medical  d e c i s i o n s  
were i d e n t i f i e d ,  t h e i r  s i g n i f i c a n c e  d i scussed  and t h e i r  i m p l i -  
ea t i o n s  reviewed. F i n a l l y ,  r e sea rch  a c t i v i t i e s  were i n t e g r a t e d  
i n t o  a program sequence and medical d e c i s i o n s  were time phased 
t o  i l l u s t r a t e  bo th  t h e  type  of  p lanning  r e q u i r e d  and t h e  e x t e n t  
of i n t e r o f f i c e  c o o r d i n a t i o n  need.ed to suppor t  a pac ing  g o a l .  
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INTRODUCTION 

T h i s  s tudy  o r i g i n a t e d  as a res?c;,3e t o  a query Ly 
NASA/MM t o  g e n e r a t e  a d i s p l a y  o f  t h e  i n - f l  lg-tt biomedical /  
b e h a v i o r a l  experiments  program. However, t h e  work r epor t ed  
he re  t r anscends  t h e  o r i g i n a l  reques t  and, i n  a n t i c i p a t i o n  o f  
f u t u r e  needs ,  a t t e m p t s  t o  d e f i n e  medical requi rements  and ob- 
j e c t i v e s  a s  t hey  ar'l 'ect t h e  planning of aJva,iced space f l i g h t  
mi s s ions .  

Fu tu re  ,2lans f o r  manned space f l i g h t  a r e  based on 
the  assumption tha t  man can f u n c t i o n  i n  space f o r  extended 
p e r i o d s  without  d e l e t e r i o u s  e f f e c t s .  However ,  environmental  
f a c t o r s  endemic t o  space f l i g h t  may cause p h y s i o l o g i c a l  and 
performance decrements t h e  de t e rmina t ion  and p reven t ion  of 
which n e c e s s i t a t e  t h e  planning of a comprehensive r e s e a r c h  
program. 

The o b j e c t i v e  of  t h i s  s tudy  i s  t o  d e f i n e  a broad 
medical  program aimed a t  t h e  i d e n t i f i c a t i o n  of  t h e  informat ion  
needed t o  determine bo th  t h e  e f f e c t s  of prolonged space f l i g h t  
on man and t h e  means of s u s t a i n i n g  h i m  i n  t h e  space  environ-  
ment. For t h i s  purpose t h e  environmental  s t r e s s o r s  t o  which 
a s t r o n a u t s  could be sub jec t ed  have  been determined;  t h e i r  e f -  
f e c t s  on body f u n c t i o n s  have been reviewed; t h e  r e s u l t i n g  
medical  d e c i s i o n s  have been i d e n t i f i e d ;  t h e  eng inee r ing  impli-  
c a t i o n s  of t h e s e  d e c i s i o n s  have been e s t ab l i shed ;  and r e s e a r c h  
requi rements  such as ground-based R&D, and i n f l i g h t  experiments  
have been de f ined  . 

T h i s  a n a l y s i s  r e s u l t e d  i n  t h e  d i s c r i m i n a t i o n  of e lev-  
en major medical d e c i s i o n s  w i t h  vary ing  r e s e a r c h  and engineer ing  
i m p l i c a t i o n s .  I n  o rde r  t o  i l l u s t r a t e  t he  e f f e c t  o f  such impli-  
c a t i o n s  on t h e  evolvement o f  a t y p i c a l  program, t h e  e s t a b l i s h e d  
major medical d e c i s i o n s  have been t ime phased over  a t en -yea r  
p e r i o d .  However, s i n c e  t i m e  phasing of d e c i s i o n s  i s  necessary  
on ly  i f  demands imposed by a pacing g o a l  a r e  t o  be  met, a 
manned p l a n e t a r y  reconnaissance miss ion  was assumed as a n  end 
p o i n t  f o r c i n g  medical and medica l ly  o r i e n t e d  r e s e a r c h  a c t i v i -  
t i e s  du r ing  t h e  i n t e r i m  pe r iod .  

RESEARCH OBJECTIVES 

I n  t h i s  s e c t i o n  t h e  scope of Space Medicine i s  
b r i e f l y  reviewed and r e s e a r c h  requi rements  a r e  i d e n t i f i e d  as  
a r e s u l t  of s t r e s s o r s  t o  which a s t r o n a u t s  could be  s u b j e c t e d .  

Space Medicine is  the  s c i e n c e  devoted t o  t h e  support  
of man i n  h i s  ques t  t o  explore  and e x p l o i t  e x t r a t e r r e s t r i a l  
space .  It i d e n t i f i e s  t h e  environmental  f a c t o r s  a s s o c i a t e d  
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with  space  f l i g h t  and i n v e s t i g a t e s  t h e  e f f e c t s  such f a c t o r s  
have on man. I n  a d d i t i o n ,  i t  seeks  t o  develop t echn iques  
e i t h e r  f o r  t h e  p reven t ion  o r  f o r  t h e  r e c o g n i t i o n  and t r e a t -  
ment of performance degrading  cond i t ions .  

i n  space  

I. 

11. 

111. 

F a c t o r s  t h a t  a r e  be l i eved  t o  be s i g n i f i c a n t  f o r  man 

NATURAL ENVIRONMENT FACTORS 

Weight lessness  

Rad ia t ion  ( i o n i z i n g  and non- ioniz ing)  

Meteoroids 

E x t r a t e r r e s t r i a l  L i f e  

Magnetic F i e lds  

INDUCED ENVIRONMENT FACTORS 

Hab i t  a b i l i t y  

Atmospheric Contaminants 

Mechanical Forces  

LIFE SUPPORT FACTORS 

A r t i f i c i a l  Atmosphere 

N u t r i t i o n  

Medical Care 

can be a r b i t r a r i l y  c l a s s i f i e d  a s  follows: 

I m p l i c a t i o n s  in t roduced  and r e sea rch  requi rements  imposed by 
each of  these  f a c t o r s  a r e  i d e n t i f i e d  i n  Tabies  1 tnrougn 12 .  
It i s  e v i d e n t  from t h e s e  t a b l e s  t h a t  a t t a i n m e n t  of medical  
g o a l s  i n  suppor t  of o v e r a l l  NASA o b j e c t i v e s  invo lves  a m u l t i -  
p l i c i t y  of r e s e a r c h  t a s k s .  Proposed s t u d i e s  can be c l a s s i f i e d  
i n t o  th ree  n a j o r  a r e a s  i n  terms of t h e i r  scope.  
Medical Opera t iona l  Support ,  Ground-Based R&D and I n - F l i g h t  
Experiments .  The Medical Opera t iona l  Support  e f f o r t  encom- 
p a s s e s  such a c t i v i t i e s  a s  p r e f l i g h t  p r e p a r a t i o n s ,  p o s t - f l i g h t  
examinat ions,  and i n f l i g h t  inonitoring f o r  r e a l - t i m e  o p e r a t i o n a l  
d e c i s i o n  making. Earth-bound Research and Development encom- 
p a s s e s  s i m u l a t i o n  s t u d i e s  and provides  t h e  advanced technology 
r e q u i r e d  f o r  s u s t a i n i n g  and suppor t ing  man d u r i n g  extended 
space  f l i g h t .  F i n a l l y ,  t h e  In-Fl ight  Experiments Program seeks 
t o  i den t i fy  t h e  e f f e c t s  of space f l i g h t  on man and determine 
t h e  e t i o l o g y  of t he  f i n d i n g s  observed. 

Namely, 
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The c l a s s i f i c a t i o n  of r e s e a r c h  a c t i v i t i e s  i n t o  th ree  
major a r e a s  and subord ina te  c a t e g o r i e s  i s  shown s c h e m a t i c a l l y  
i n  F igu re  1. The need of s t rong  i n t e r o f f i c e  c o o r d i n a t i o n  be- 
tween OMSF, OSSA and OART is  evident  and t h e  suggested break-  
down could be used t o  a s s i g n  programming r e s p o n s i b i l i t i e s .  

Space environmental  s t r e s s o r s  a c t  c o l l e c t i v e l y ,  
a f f e c t  i n d i v i d u a l l y  more t h a n  one a r e a  of  body f u n c t i o n  and 
a r e  d i f f i c u l t  t o  e v a l u a t e  s i n g l y .  Some stresses can be  simu- 
l a t e d  i n  ground-based s t u d i e s ,  but  t h e  a c t u a l  f l i g h t  s i t u a t i o n  
cannot be  d u p l i c a t e d  i n  t h e  l a b o r a t o r y .  Consequently, t h e  
i n f l i g h t  experiments  program c o n s t i t u t e s  t h e  o n l y  approach 
t h a t  can h e l p  e s t a b l i s h  t h e  e f f e c t s  of prolonged space f l i g h t  
on man, reveal  t h e  t i m e  courses  of  t h e s e  e f f e c t s ,  de te rmine  
t h e  mechanisms by which these e f f e c t s  a r e  m e d i a t e d ,  i d e n t i f y  
means o f  p r e d i c t i n g  t h e  onse t  and s e v e r i t y  of  these e f f e c t s  
and develop  p r e v e n t i v e  c)r remedial  t echn iques  t o  cope w i t h  
them. 

The c u r r e n t  program of i n f l i g h t  medical  experiments  
i s  t h e  product  o f  a n  i n t e g r a t e d  s tudy  comprised of a number o f  
NASA in-house e f f o r t s  and cont rac ted  i n d u s t r i a l  p a r t i c i p a t i o n  
(Ref .  I, 2, 3, 4,  5, 6 and 7 ) .  For  R&D purposes ,  t h e  t o t a l  
program has  been d i v i d e d  i n t o  e igh t  component areas of body 
f u n c t i o n ,  and the  r e q u i r e d  measurements and procedures  w i t h i n  
each area have been de f ined  on  a medical  n e c e s s i t y  ra ther  
t h a n  on a s t a t e - o f - t h e - a r t  o r  payload c a p a b i l i t y  bas i s .  These 
e i g h t  areas and t h e i r  component measurements and procedures  
have been reviewed, r e v i s e d ,  and approved b y  t he  Medical Ad- 
v i s o r y  Counci l .  The r e s u l t i n g  program, s l i g h t l y  ampl i f i ed ,  i s  
d i s p l a y e d  i n  F igu re  2 as  a s e r i e s  of o b j e c t i v e s ,  s e l e c t e d  
knowledge requi rements ,  and i d e n t i f i e d  measurements. 
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TABU 1 

FACTOR WEIGHTLESSNESS 

EFFECTS ON 1. S i g n i f i c a n t  changes i n v o l v i n g  t h e  card io-  
BODY FUNCTIONS v a s c u l a r ,  musculoske le ta l ,  and hematopoie t ic  

systems have been observed t o  d a t e .  These 
appear  t o  be adap t ive  i n  n a t u r e  and a r e  
measured p r i n c i p a l l y  d u r i n g  t h e  p e r i o d  of 
r e a d a p t i o n  t o  normal E a r t h  c o n d i t i o n s .  

2. Lack of dynamic s t a b i l i t y  degrades  per- 
f ormance dur ing  EVA. 

DECISIONS TO 1. Establ ishment  of a c c e p t a b l e  l i m i t s  t o  
BE MADE space- induced p h y s i o l o g i c a l  changes. 

a .  Continuous 
b, I n t e r m i t t e n t  
e .  P r i o r  t o  r e - e n t r y  on ly  

3. Adequacy of countermeasures o t h e r  t h a n  
a r t i f i c i a l  g r a v i t y  (see F i g u r e  2 under  
c a r d i o v a s c u l a r ) .  

2. Necess i ty  of i n f l i g h t  a r t i f i c i a l  g r a v i t y  

ENGINEERING 1. A r t i f i c i a l  g r a v i t y  a l t e r n a t i v e s :  
IMPLICATIONS a .  Onboard c e n t r i f u g e  

b .  s/c r o t a t i o n  
e .  Tethered r o t a t i o n  

experiments  under mode ( b )  o r  ( e ) .  
2. P rov i s ions  f o r  r e supp ly  and o b s e r v a t i o n a l  

3. IVA and EVA technology.  

GROUND BASED 1. 
R&D 

2. 
3.  

4. 

5. 

6. 
7. 

Determine t h e  psychophys io logica l  e f f e c t s  
of enviromental  f a c t o r s  o t h e r  t h a n  weight- 
l e s s n e s s  and r a d i a t i o n  on an imals  and humans. 
Obtain a s t r o n a u t  p h y s i o l o g i c a l  b a s e l i n e s .  
Develop and improve p h y s i o l o g i c a l  decondi- 
t i o n i n g  countermeasures ( o t h e r  t h a n  
a r t i f i c i a l  g r a v i t y ) .  
Develop zero-g t o o l s ,  body r e s t r a i n t s ,  
m o b i l i t y  a ids ,  t r a i n i n g  procedures  and 
o p e r a t i o n a l  t echn iques  f o r  EVA a p p l i c a t i o n s .  
Continue i n v e s t i g a t i o n s  of v e r t i g o ,  C o r i o l i s  
and g r a v i t y  g r a d i e n t  e f f e c t s  shou ld  a r t i f i -  
c i a l  g r a v i t y  ( r o t a t i o n )  prove necessa ry .  
Ref ine  crew s e l e c t i o n  c r i t e r i a .  
Develop means t o  a i d  a s t r o n a u t  housekeeping 
(e .g .  laminar  f low c o n t r o l  of s/c atmosphere,  
adhesion,  magnetic r e t e n t i o n ,  s u c t i o n ,  e t c .  ) .  
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TABiX 1 (CONTINUED) 

FACTOR WE1 GHTLESSNESS 

IN-FLIGHT 1. 
STUDIES 

2.  

3 .  

4. 

5. 

6. 

Determine man's p h y s i o l o g i c a l  response t o  
space  f l i g h t  ( P e r t i n e n t  measurements a r e  
l i s t e d  i n  F igu re  2 ) .  I d e n t i f y  body func- 
t i o n s  involved, e x t e n t  of involvement , t ime 
courses  and mechanisms. 
Determine r e a d a p t a t i o n  response  of man t o  
t e r r e s t r i a l  c o n d i t i o n s  fo l lowing  prolonged 
space  flight. 
Determine t h e  e f f e c t i v e n e s s  of decondi t ion-  
i ng  countermeasures ( o t h e r  t han  a r t i f i c i a l  
g r a v i t y ) .  
Determine minimum a c c e p t a b l e  g - l e v e l ,  i f  
a r t i f i c i a l  g r a v i t y  proves necessa ry .  
Conduct c e l l u l a r  and animal  p h y s i o l o g i c a l  
s t u d i e s  t o  d e l i n e a t e  problem a r e a s  and  
supplement human r e s e a r c h  ( p i l o t  s t u d i e s ) .  
Eva lua te  human performance and e f f e c t i v e -  
ness of  suppor t ive  hard.ware d u r i n g  c r u c i a l  
EVA hases (e .g .  rescue ,  t r a n s f e r ,  assembly, 
e t c .  P . 
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TABIX 2 

FACTOR RADIATION ( i o n i z i n g )  

EFFECTS ON 1. E a r l y  l e t h a l i t y "  
BODY FUNCTIONS a .  Hematopoeitic d .epression 

b .  Sk in  desquamation 
e .  G a s t r o i n t e s t i n a l  T r a c t  denud.ation 
d. C e n t r a l  Nervous System d i s r u p t i o n  

a .  Prodromal r e a c t i o n  (nausea,  vomiting, 

b .  I n c i p i e n t  e f f e c t s  ( s k i n  erythyma, bone 

e .  Temporary s t e r i l i t y  

a .  Reduced L i f e  Expectancy 
b .  Leukemia i n d u c t i o n  
e .  Inc reased  occurrence  of mal ignancies  
d. Ca ta rac t  fo rma t ion  

2. E a r l y  s u b l e t h a l  e f f e c t s  

d i a r r h e a )  

marrow depres s ion .  

3. Delayed e f f e c t s  

4. Genet ic  e f f e c t s  

DECISIONS TO 1. Establ ishment  of mission- s p e c i f i c  r ad ia -  
BE MADE t i o n  p r o t e c t i o n  guide  l i n e s .  

2. Establ ishment  of o p e r a t i o n a l  procedures  

3. Es tab l i shment  of p r e v e n t i v e  and remedia l  
du r ing  r a d i a t i o n  emergencies.  

t r e a t m e n t s  . 
~~ ~ -~ 

ENGINEERING 1. Mission- s p e c i f i c  s h i e l d i n g  requi rements  
IMPLICATIONS ( t y p e ,  t h i ckness ,  c o n f i g u r a t i o n ) .  

2. P rov i s ion  f o r  a r e a s  of maximum s a f e t y .  
3. Rad ia t ion  hazard warning ..\ system (both  

gmznd based and oriboara).  

GROUND BASED 1. Continue c u r r e n t  programs t o  unders tand  
R&D r a d i o b i o l o g i c a l  p r o c e s s e s  and to b e t t e r  

d e f i n e  dose -e f f ec t  r e l a t i o n s h i p s .  

space r a d i a t i o n  enviroment.  

dosimeters and spec t romete r s  to measure 
bo th  r a t e  and t o t a l  absorbed dose a t  v a r i o u s  
body dep ths  and t o  r e v e a l  t h e  type  of r ad ia -  
t i o n  absorbed. 
Develop p reven t ive  and remedia l  t r e a t m e n t s .  
Study t h e  p o t e n t i a l  a p p l i c a t i o n  o f  non- 
convent iona l  s h i e l d i n g  (e .g .  pure  magnetic,  
plasma, e t c . ) .  

2. Continue a n a l y t i c  e f f o r t s  to q u a n t i f y  t h e  

3. Continue r e s e a r c h  on t i s s u e  e q u i v a l e n t  

4. 
5. 

n 

U n l i k e l y  under  space f l i g h t  exposure. * 
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TABLE 2 (CONTINUED) 

FACTOR RADIATION ( i o n i z i n g )  

IN-FLIGHT 1. Monitor the  r a d i a t i o n  dose 60 which 
STUDIES a s t r o n a u t s  a r e  be ing  exposed. 

2. Maintain a complete r e c o r d  of r a d i a t i o n  
exposure s u s t a i n e d  bv each a s t r o n a u t  
throughout h i s  f l y i n g  c a r e e r .  

3. Continue unmanned measurements t o  improve 
t h e  d e s c r i p t i o n  of t h e  r a d i a t i o n  environ- 
ment. 

4. Determine t h e  combined e f f e c t s  of weight- 
l e s s n e s s  and r a d i a t i o n  on an imals .  
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TABLE 3 

FACTOR RADIATION (non- i o n i z i n g )  

EFFECTS ON 1. Lack of l i g h t  d i s p e r s i o n  medium i n  space  
BODY FUNCTIONS r e s u l t s  i n  s t r o n g  c o n t r a s t s  of s imultane-  

ous ly  perceived b r i g h t n e s s e s .  
2. V i s i b l e  l i g h t  emanating from t h e  sun i s  

D o t e n t i a l l y  damaging to v i s i o n  ( r e t i n a l  
d e s t r u c t i o n ) .  

3. U l t r a v i o l e t  r a d i a t i o n  produces photochem- 
i c a l  r e a c t i o n s  i n  exposed t i s s u e s .  

4. S o l a r  i n f r a r e d  r a d i a t i o n  is p o t e n t i a l l y  
damaging t o  the  f a c e  and t h e  eyes ( l e n s )  
where p r o t e c t i o n  i s  minimum. 

5. I n t e n s e  microwave r a d i a t i o n  can produce 
l e t h a l  i n t e r n a l  damage. 

~~ ___ 

DECISIONS TO 1. Hazard e v a l u a t i o n  (mission s p e c i f i c ) .  
BE MADE 2. Establ ishment  of a c c e p t a b l e  t h r e s h o l d  

ENGmERING 
APPLICATIONS v i s i o n s  ( thermal  garments, e f f e c t i v e  v i s o r s ,  

l i m i t s .  

I n t r a v e h i c u l a r  and e x t r a v e h i c u l a r  s a f e t y  pro- 

absorb ing  window panels ,  window shades) .  

GROUND BASED 1. Continue r e sea rch  on thermal  garments f o r  
R&D EVA. 

2. Continue r e sea rch  on he lmet -v isors  t o  

3. Determine dose- ef f e c t  r e l a t i o n s h i p s .  
minimize exposure without  impeding v i s i o n .  

IN-FLIGHT Va l ida t e  des ign  adequacy of space s u i t s  and 
STUDIES p r o t e c t i v e  crew equipment. 
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TABLE 4 

FACTOR 

- ~~ 

METEOROIDS 
~~ - 

EFFECTS ON 1. Decompression fo l lowing  p e n e t r a t i o n .  
BODY FUNCTIONS 2. Burns due t o  f i r e  o r  f l a s h .  

3. Phys ica l  i n j u r y  from fragments .  
4. F l a s h  b l indness .  

DECISIONS TO 1. Mission-specif  i c  r i s k  p r o b a b i l i t i e s  must 
BE MADE b e  e s t a b l i s h e d .  

2. Emergency procedures  fo l lowing  p e n e t r a t i o n  
must be e s t a b l i s h e d .  

~ ~- 

ENGINEERING 1. S h i e l d i n g  requirements  (miss ion  s p e c i f i c )  . 
IMPLICATIONS 2. S a f e t y  p rov i s ions  i n  S/C d e s i  n which min- 

imize e f f e c t s  of p e n e t r a t i o n  $type of 
atmosphere, h u l l  and subsystems accessa-  
b i l i t y ,  m a i n t a i n a b i l i t y  and f i r e  r e s i s t a n c e ) .  

GROUND BASED 1. 
R8cD 

2 .  

3 .  

4. 

5. 

6. 

7.  

8. 

Continue cu r ren t  t h e o r e t i c a l  programs t o  
d e s c r i b e  the  meteoroid and a s t e r o i d  environ- 
ments. 
Continue r e sea rch  on h y p e r v e l o c i t y  impact 
processes.  
Continue r e sea rch  on p e n e t r a t i o n  conse- 
quences i n  an  opera t iona 1 s p a c e c r a f t  
s t r u c t u r e .  
Continue assessment of t h e  e f f e c t i v e n e s s  of 
va r ious  types of s h i e l d i n g  ( e . g .  bumpers, 
e t c . ) .  
Develop emergency o p e r a t i o n a l  procedures  
( i .  e .  d e t e c t i o n ,  crew p r o t e c t i o n ,  damage 
l o c a t i o n ,  d i agnos i s ,  r e p a i r  and r e a c t i v a -  
t i o n ) .  
Develop f i r e  r e s i s t a n t  m a t e r i a l s  for S / C  
and a s t r o n a u t  s u i t s .  
Develop hazard d e t e c t i o n ?  p e n e t r a t i o n  
warning systems and s e a l i n g  techniques .  
Develope se l f - con ta ined  emergency b r e a t h i n g  
appa ra tus  f o r  p r o t e c t i o n  a g a i n s t  decompres- 
s i o n  and f i r e .  

I N -  FLIGHT Encourage unmanned programs t o  s tudy  t h e  deep 
STUDIES space meteoroid environment. 
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TABLE 5 

FACTOR EXTRATERRESTRIAL LIFE 

EFFECTS ON 1. P o t e n t i a l l y  pathogenic t o  man o r  o t h e r  
TERRESTRIAL t e r r e s t r i a l  spec ie s .  
LIFE 2. P o t e n t i a l l y  d i s r u p t i v e  t o  e x i s t i n g  

ecosystems. 

DECISIONS TO 1. Determine d e c i s i o n  c r i t e r i a  f o r  r e t u r n  of 
BE MADE l u n a r  and p l a n e t a r y  samples t o  Ear th .  

a s t ronau t -b  i o l o g i s  t . 2. Necess i ty  and scope of a c t i v i t i e s  of an 

3. Sample handl ing methodology. 
- 

ENGINEERING 1. S t e r i l i z a t i o n  of probes and sampling 
IMPLICATIONS dev ices  ( k i l l i n g  and/or removal of biolog-  

i c a l  m a t e r i a l  o r  d e b r i s ) .  

f l i g h t  d e t e c t i o n ,  c h a r a c t e r i z a t i o n  and 
p r e s e r v a t i o n  of a l i e n  l i f e .  

2. B i o l o g i c a l l y  i s o l a t e d  l a b o r a t o r y  f o r  in- 

GROUND BASED 1. 
R8cD . 

2. 

3.  

4. 

5. 

6. 

7. 

Improve S t e r i l i z a t i o n  methods and tech-  
n iques .  
Develop systems f o r  b i o l o g i c a l  i s o l a t i o n  
and remote manipulat ion.  
Develop f a c i l i t i e s  for assembly, checkout,  
maintenance and r e p a i r  of components a f t e r  
f i n a l  s t e r i l i z a t i o n  f o r  bo th  p r e f l i g h t  and 
i n f l i g h t  a p p l i c a t i o n s .  
Develop a p p r o p r i a t e  l i f e  d e t e c t i o n  and 
chara c t e r i z a  t i o n  equipment, p rocedures  and 
t echn iques  (both f e r  %armed- and automated 
p l a n e t a r y  e x p l o r a t i o n s ) .  
Va l ida t e  developed equipment and techniques  
f o r  l i f e  d e t e c t i o n  and c h a r a c t e r i z a t i o n  i n  
t h e  t e r r e s t r i a l  b iosphe re .  
E s t a b l i s h  c ross  contaminat ion c o n t r o l  pro- 
cedures .  
Continue s t u d i e s  on t h e  e f f e c t s  of simu- 
l a t e d  p l a n e t a r y  environments on t e r r e s t r i a l  
l i f e  forms and v i c e  v e r s a .  

I N  FLIGHT 1. Unmanned missions.  Obtain informat ion  regard- 
STUDIES ing  t h e  phys ica l  and b i o l o g i c a l  cha rac t e r -  

i s t i c s  o f  o t h e r  c e l e s t i a l  bod ie s .  
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TABLE 5 

11 

(CONTINUED) 

FACTOR EXTRATERRESTRIAL LIFE 

I N  FLIGHT 
STUDIES 2. Manned mission$. Examine r e t r i e v e d  samples 

a s  soon a s  p o s s i b l e  (pos t - r ecove ry ) .  Search  
f o r  l i f e ,  determine i t s  b a s i c  a t t r i b u t e s ,  i f  
p r e s e n t ,  and develop means t o  p r e s e r v e  it f o r  
subsequent ear th-based  s t u d i e s .  
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TABLF: 6 

FACTOR MAGNETIC FIELDS 

EFFECTS ON 1. Low- i n t e n s i t y  magnetic f i e l d s  (Lunar, 
BODY FUNCTIONS* Martian,  Venusian, and i n t e r p l a n e t a r y  en- 

vironments).  
a .  Human s u b j e c t s  exposed t o  i n t e n s i t i e s  

below 50 gammas f o r  10 days showed a 
p rogres s ive  decrease  i n  t h e  s c o t o p i c  
c r i t i c a l  f l i c k e r - f u s i o n  f requency  which 
r e tu rned  t o  normal post-exposure.  A l l  
o t h e r  p h y s i o l o g i c a l  tests y i e lded  neg- 
a t i v e  r e s u l t s .  

b .  Mice exposed t o  i n t e n s i t i e s  below 100 
gammas for p e r i o d s  of 4 t o  1 2  months 
showed p o s i t i v e  h i s t o p a t h o l o g i c a l  a l -  
t e r a t i o n s  and t h e i r  progeny exh ib i t ed  
abnormal p h y s i o l o g i c a l  and b e h a v i o r a l  
man i fe s t a t ions ,  a s  opposed t o  c o n t r o l  
specimens. 

e .  C e l l  c u l t u r e s ,  a s  compared t o  c o n t r o l s ,  
showed a f ' i f t een- fo ld  r e d u c t i o n  i n  t h e  
number of co lon ie s ,  a s  wel l  a s  some re- 
duc t ion  i n  colony s i z e  when exposed t o  
i n t e n s i t i e s  approximately one-tenth of 
t h a t  of Ear th .  

2. High- in tens i ty  magnetic f i e l d s  ( p o s s i b l e  
f u t u r e  use of pure  magnetic o r  plasma ra- 
d i a t i o n  s h i e l d i n g  and MHD p r o p u l s i o n ) .  
a .  Magnetic f i e l d s  of up t o  s e v e r a l  thou- 

sands o e r s t e d s  can be t o l e r a t e d  by 
human s u b j e c t s  f o r  b r i e f  p e r i o d s  of 
t i m e  . 

b .  There  i s  evidence from experiments  w i t h  
sub-himan systems t h a t  t h e  a p p l i c a t i o n  
of magnetic f i e l d s  of a few hundred 
o e r s t e d s  over  long  p e r i o d s  can r e s u l t  
i n  f u n c t i o n a l  a l t e r a t i o n s  and physio- 
l o g i c a l  damage. 

D E C I S I O N S  TO Hazard e v a l u a t i o n  (mission- s p e c i f  i c ) .  
BE MADE 

ENGINEERING None a t  p re sen t .  
IMPLICATIONS 

~~ 

* Data c i t e d  i s  taken  from "Biomagnetics," NASA CR-889. 



BELLCOMM, I N C .  - 13 - 

TABLE 6 (CONTINUED) 

FACTOR MAGNETIC FIELDS 
~~ 

GROUND BASED Continue and r e f i n e  i n v e s t i g a t i o n s  of t h e  
R&D e f f e c t s  of magnetic f i e l d s  on animals  and 

humans. 

IN-FLIGHT 
STUDTES 

Measure the  magnetic f i e l d  i n t e n s i t y  t o  which 
a s t r o n a u t s  a r e  be ing  exposed. 
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TABLE 7 

FACTOR HABITABILITY (ConfinemenL, I s o l a t i o n ,  R e l a t i v e  
Immobil i t ) ,  Liv ing  Condi t ions ,  
Personal  Hygiene, Crew S a f e t y  and 
Performance) 

EFFECTS ON 1. Psychological  Responses 
BODY FUNCTIONS a .  Behavioral  Chaliges 

b . Performance decrements 
2. Phys io logica l  Consequences 

a .  Non-specific s t r e s s  response  
b ,  Cardiovascular  decond i t ion ing  
e.  Musculo-skeletal  decond i t ion ing  

DECISIONS TO 1. Mission-specif  i c  minimum volume p e r  man, 
BE MADE S/C conf igura t ion ,  crew s i z e  and crew com- 

p o s i t  ion .  
2 .  S/C accommodations, decor ,  i l l u m i n a t i o n ,  

conveniences, pe r sona l  hygiene,  fu rn i sh -  
ings,  personal  t e r r i t o r i a l i t y ,  e t c .  

3. Work-rest schedul ing,  t a s k  a l l o c a t i o n ,  and 
r e c r e a t i o n  a c t i v i t i e s  ( c i r c a d i a n  rhythms 
should be cons ide red ) .  

4. Length and type  of miss ion  s i m u l a t i o n  re- 
qu i r ed  t o  r e v e a l  problems. 

5. Type and e x t e n t  of crew t r a i n i n g  and pre- 
condi t ion ing  r e q u i r e d  t o  minimize problems. 

6 .  C r e w  s a f e t y ,  p r o v i s i o n s  and emergency 
procedures  i n  such cases  a s  s o l a r  f l a r e s ,  
decompression, f i r e  and system f a i l u r e s .  
Necess i ty  and e x t e n t  of i n f l i g h t  t r a i n i n g  
f o r  s k i l l  maintenance. 
A l l o c a t i o n  of f u n c t i o n s  among t h e  crew, 
between man and machine, and between ground 
and f l i g h t  crews. 

7. 
8. 

ENGINEERING 1. S/C a r c h i t e c t u r e ,  i n t e r i o r  d e s i g n  and 
IMPLICATIONS s a f e t y  f e a t u r e s .  

2. Maintenance of a n  a r t i f i c i a l  atmosphere both  
p h y s i o l o g i c a l l y  and psycho log ica l ly  accept -  
a b l e .  

3. S a t i s f a c t o r y  waste management p r o v i s i o n s .  
4. Adequate d i e t  and psycho log ica l ly  a c c e p t a b l e  

foods. 
5. Non-mission o r i e n t e d  e a r t h  communication 

f a c i l i t i e s  ( e . g . ,  en t e r t a inmen t ,  educa t ion ,  e t c .  ) .  
6.  Tools ,  r e s t r a i n i n g  systems and m o b i l i t y  a i d s .  
7. S a t i s f a c t o r y  c l e a n s i n g  and s a n i t a t i o n  f a c i l -  

i t i e s .  
8. Systems redundancy, a c c e s s i b i l i t y ,  maintain-  

'i a b i l i t y ,  and r e p a i r .  
9. Adequate warning systems ( i . e .  f i r e ,  decom- 

p res s ion ,  contaminants, r a d i a t i o n ,  system f a i l u r e s :  1 

4 
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TABLE 7 (CONTINUED) 

FACTOR HABITABILITY 

GROUND BASED 1. 
F&D 

2 .  

3 .  

4. 
5. 

6. 

7. 
8. 

9. 

Develop t e s t  procedures  t o  measure and 
e v a l u a t e  a s t r o n a u t  performance. 
Encourage small  group i n t e r a c t  i o n  and 
confinement s t u d i e s  r e l e v a n t  t o  a c t u a l  
f l i g h t  cond i t ions .  
Develop techniques  and m a t e r i a l s  for p r s o n a l  
hygiene ( e . g . ,  d i s p o s a b l e  c l o t h i n g ,  methods 
of  launder ing  and c l e a n s i n g ) .  
Develop f l a s h  and f i r e  r e s i s t a n t  m a t e r i a l s .  
Develop se l f - con ta ined  emergency b r e a t h i n g  
a p p a r a t u s  ( p r o t e c t i o n  a g a i n s t  f i r e ,  decom- 
p r e s s i o n ,  e t c .  ) .  
Develop emergency procedures  and r e s c u e  
techniques  ( i n c l u d i n g  medical t r ea tmen t  and 
psychologica l  a i d s  ) . 
Develop systems t o  remove contaminants of 
human and m a t e r i a l  o r i g i n .  
Develop advanced l i f e  suppor t  systems and 
s u i t s  f o r  comfortable  i n t r a - c a p s u l a r  l i v i n g  
and e f f e c t i v e  e x t r a v e h i c u l a r  a c t i v i t y .  
Develop methods t o  ma in ta in  t h e  o p e r a t i o n a l  
s k i l l  and t h e  s c i e n t i f i c  p r o f i c i e n c y  of t h e  
crew dur ing  prolonged space f l i g h t .  

~ 

IN-FLIGHT 1. Monitor crew performance. 
STUDIES 2. V a l i d a t e  crew s e l e c t i o n  and composition 

c r i t e r i a  and t r a i n i n g  t echn iques .  
3. Evalua te  phys i ca l  adequacy of and emotional 

s a t i s f a c t i o n  provided by t h e  crew q u a r t e r s .  
4.  Evalua te  crew p r o t e c t i v e  systems and emer- 

gency o p e r a t i o n a l  procedures .  
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TABLE 8 

FACTOR ATMOSPHERIC CONTAMINANTS 

EFFECTS ON 1. Aerosols  produce eye and t i s s u e  i r r i t a t i o n s ,  
BODY FUNCTIONS a l l e r g i e s ,  and asthma. 

2. Toxins produce wide range of sys temic  and 

3. Microbes c a r r i e d  on condensa t ion  d r o p l e t s o r  

4.  Non-toxic odorous gaseous contaminants  can 

t i s s u e  disorders .  

a i r b o r n e  p a r t i c l e s  can cause i n f e c t i o n s  and disese. 

produce nausea and psycho log ica l  s t r e s s .  
~ -~ -~ - 

DECISIONS TO 1. L imi t s  on a l lowable  s i z e  and d e n s i t y  of 
BE MADE p a r t i c u l a t e  m a t t e r  . 

2. Establ ishment  of a c c e p t a b l e  t o l e r a n c e  

3. Astronaut  s e l e c t i o n  based  on r e s p i r a t o r y  

l i m i t s  f o r  contaminants and t h e i r  combina- 
t i o n  w i t h  b a c t e r i a  and/or drugs .  

s e n s i t i v i t y  to contaminants .  

ENGINEERING 1. I n c l u s i o n  of nephalometr ic  c a p a b i l i t y .  
IMPLICATIONS 2. Methods of c o n t r o l  of a l l  a tmospheric  

contaminants to a c c e p t a b l e  l e v e l s .  
A l l  exposed s /c  m a t e r i a l s  must be  non-toxic ,  
and r e l a t i v e l y  f r e e  of ou tgassed  t o x i c  
compounds and t o x i c  thermal  deg rada t ion  
p roduc t s .  

3. 

4. 

GROUND BASED 1. 
R&D -* 

2. 

3. 

4. 

5. 

6. 

Continue s t u d i e s  to a s s u r e  t h a t  S/C 
m a t e r i a l s  do not  i n t e r a c t  w i t h  t h e  i n t r a -  
v e h i c u l a r  environment to produce t o x i c  
subs tances ,  n o r  y i e l d  t o x i c  thermal  degra- 
d a t i o n  products .  
S t u d y  t h e  indigenous mic ro f lo ra  of man and 
i t s  response under cond. i t ions of b i o l o g i c a l  
i s o l a t i o n .  
E s t a b l i s h  a p p r o p r i a t e  non-toxic  atmosphere 
s t e r i l i z a t i o n  methods ( i . e . ,  b i o l o g i c a l  
f i l t e r s ) .  
Evalua te  t h e  microbic  shock hazard fo l lowing  
prolonged b io log ica  1 i s o l a t i o n .  
Study the e f f e c t  of a tmospheric  composition 
and p res su re  on t h e  t o x i c i t y  hazard  i n t r o -  
duced by  space cab in  contaminants .  
Study dose-ef fec t  r e l a t i o n s h i p  of atmos- 
p h e r i c  contaminants under prolonged and 
continuous exposure.  
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TABLE 8 (CONTTNUED) 

FACTOR ATMOSPHERIC CONTAMINANTS 

7 .  

8. 

9. 

10. 

Develop l i n t - f r e e  f a b r i c s ,  non-f lak ing  and 
p a r t i c l e - r e t a i n i n g  s u r f a c e s ,  scuff-proof  
m a t e r i a l s ,  e t c .  
Develop methods t o  remove human and S/C 
d e b r i s  .* 
Develop emergency b r e a t h i n g  appa ra tus  a s  
p r o t e c t i o n  a g a i n s t  a tmospheric  Contaminants 
du r ing  emergencies. 
Improve gaseauus contaminant d e t e c t i o n  and 
removal systems. 

I N  FLIGHT 1. Monitor t h e  environment f o r  contaminants 
STUDIES ( i d e n t i f i c a t i o n ,  concen t r a t ion ,  s o u r c e s ) .  

2. Va l ida t e  ground e s t a b l i s h e d  t o l e r a n c e  

3. I n v e s t i g a t e  b a c t e r i o l o g i c a l  e c o l o g i c a l  
l i m i t s .  

shifts and d e l i n e a t e  p o t e n t i a l  problems 
(e.g.  r e a d a p t a t i o n  t o  t e r r e s t r i a l  ecosys- 

n u t r i t i o n  and immunity). 
Evalua te  e f f e c t i v e n e s s  of contaminant detec- 
t i o n  and removal systems. 

tems; i n - f l i g h t  impact on d i g e s t i o n ,  

4. 

* These can b u i l d  up as a r e s u l t  o f :  
a .  

b .  

Housekeeping ( e .g . ,  food p a r t i c l e s ,  n a i l - c l i p p i n g s ,  
hair- t r immings,  e t c .  ) .  
Onboard maintenance and r e p a i r  ( e . g . ,  f i l i n g s ,  saw-dust, 
 ire efids, solder ba l l s ,  l u b r i c a n t s ,  chtps ,  s t r a y  
hardware, e t  e .  ).  
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TABLE 9 
I 
I 

I , 
I FACTOR MECHANICAL FORCES 
I 

EFFECTS ON 1. Rota t ion  - Dis turbance  of v e s t i b u l a r  and 
BODY FUNCTIONS v i s u a l  func t ions ,  d i s o r i e n t a t i o n  and nausea.  

2. L inear  a c c e l e r a t i o n  - Dis turbance  of 
c i r c u l a t o r y  and r e s p i r a t o r y  f u n c t i o n s .  

3.  Noise - Discomfort, speech i n t e r f e r e n c e  
and p o s s i b l e  e a r  damage. 

organs,  discomfort  and p o s s i b l e  body 
dama ge . 
t i s s u e s .  

I' 

/( 4. Vibra t ions  - Resonance of t i s s u e s  and 

5. Impact - Poss ib le  damage t o  organs and 

I 

DECISIONS TO 1. Establ ishment  of a c c e p t a b l e  l e v e l s  t o  a l l  
BE MADE forms o f  mechanical s t r e s s o r s  t aken  

s i n g l y ,  combined, and i n  synergism w i t h  
o t h e r  environmental  f a c t o r s .  

2. A c c e p t a b i l i t y  of dynamic p r o f i l e s  (mis s ion  
s p e c i f i c ) ,  

3. Optimum angu la r  v e l o c i t y  f o r  a r t i f i c i a l  
g r a v i t y ,  i f  necessa ry .  

ENGINEERING 1. Minimize high i n t e n s i t y  no i se ,  low f r e -  
IMPLICATIONS quency v i b r a t i o n s  and impact f o r c e s .  

2. Design of s t a b i l i z e r  system t o  keep a r t i -  
f i c i a l  g r a v i t y ,  i f  necessary ,  pu re ly  
r o t a  t iona 1. 

GROUND BASED 1. 
R&D 

2. 

3 .  

4. 

5. 

Continue cu r ren t  programs to d e l i n e a t e  
e f f e c t s  of mechanical f o r c e s  on t h e  body 
and on performance. 
I n v e s t i g a t e  v e r t i g o ,  c o r i o l i s  and g r a v i t y  
g r a d i e n t  problems i n  case a r t i f i c i a l  g r a v i t y  
i s  r equ i r ed .  
I d e n t i f y  o p e r a t i o n a l  procedures  and improve 
r e s t r a i n t s  t o  minimize l i n e a r  and ro t a -  
t i o n a l  a c c e l e r a t i o n  e f f e c t s .  
Continue development of v i b r a t i o n  and. i m -  
p a c t  damping couch systems.  
Develop p r o t e c t i v e  dev ices  to reduce d is -  
comfort and prevent  damage from excess ive  
n o i s e  dur ing  launch.  
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TABU 9 (CONTINUED) 

FACTOR MECHANICAL FORCES 

IN-FLIGHT 1. Monitor the  dynamic p r o f i l e  du r ing  manned 
STUDIES miss ions .  

2. Study t h e  e f f e c t i v e n e s s  and l i m i t a t i o n s  of 
any adopted i n f l i g h t  a r t i f i c i a l  g r a v i t y  
concept.  

3. Determine whether a c c e l e r a t i o n  and v ibra-  
t i o n a l  e f f e c t s  a r e  more seve re  du r ing  o r  
fo l lowing  exposure t o  we igh t l e s sness  t h a n  
be fo re  exposure.  

4. Evalua te  e f f e c t i v e n e s s  of p r o t e c t i v e  dev ices .  
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TABLE 10 

FACTOR ARTIFICIAL ATMOSPHERE (Pres su re ,  Composition, 
Temperature, R e l a t i v e  
Humid it y ) 

EFFECTS ON 1. Pulmonary and a u r a l  a t e l e c t a s i s  is a poten- 
BODY FUNCTIONS t i a l  hazard when pure  or p r a c t i c a l l y  pu re  

oxygen is  b rea thed .  
2. Shortened r ed  c e l l  l i f e  span may be  induced 

by chronic  exposure to oxygen p r e s s u r e  
above t h e  normal l e v e l .  

3. General i r r i t a t i o n  of t h e  eyes ,  e a r s ,  and 
r e s p i r a t o r y  t i s s u e s  has  been observed dur- 
i n g  pure oxygen exposure.  

4 .  Dysbarism is  a p o t e n t i a l  hazard  fo l lowing  
o p e r a t i o n a l  (p lanned)  o r  emergency decom- 
p r e s s i o n s  i n  two gas  atmosphere.  

t i o n s  beyond a c c e p t a b l e  l i m i t s  could cause 
discomfort  and performance decrements.  

Concerning the  q u e s t i o n  of one vs two gas  

been made f o r  miss ions  exceeding 30 days:  
I n t r a v e h i c u l a r  o p e r a t i o n  - 5 p s i ,  69% 02, 
31% N 2 . *  
Emergency ( s u i t e d )  o p e r a t i o n  - 5 p s i  
( i n i t i a l ) ,  3.9 p s i  (min) ,  100% o . 
Temperature and humidi ty  l i m i t s  Should be 
f i r m l y  e s t a b l i s h e d .  

5. Temperature and r e l a t i v e  humidity va r i a -  

DECISIONS TO 
BE MADE atmosphere, t h e  fo l lowing  d e c i s i o n s  have 

1. 

2. 

ENGINEERING 1. I n t r a v e h i c u l a r  ECS des ign .  
IMPLICATIONS 2. Zx t r aveh icu la r  PLSS des ign .  

3. Operat ional  (EVA) o r  Emergency (meteoroid 
p e n e t r a t i o n ,  f i r e ,  e t c .  ) decompression pro- 
c e i v e s .  

4. Environmental moni tor ing  ( i n t r a v e h i c u l a r ,  
s u i t  system).  

5. Ind iv idua l  emergency b r e a t h i n g  appa ra tus  
f o r  p r o t e c t i o n  a g a i n s t  f i r e  and decom- 
p r e s s i o n .  

6 .  Prevent ion of contaminat ion of t h e  space s u i t  
system w i t h  i n e r t  gases .  

* T h i s  environment appears  p h y s i o l o g i c a l l y  s a f e  f o r  miss ions  
For  l o n g e r  up t o  8 months d u r a t i o n  based on animal  t e s t s .  

mi s s ions  t h i s  d e c i s i o n  must be re-examined. 
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TABLE 10 (CONTINUED) 

FACTOR ARTIF’ICIAL ATMOSPHERE 

GROUND BASED 1. 
R&D 

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Analyze pulmonary derangements caused by  t h e  
p r e s s u r e  and composition of v a r i o u s  gas  mix- 
t u r e s  brea thed .  
I n v e s t i g a t e  t h e  e f f e c t  of space cab in  atmos- 
pheres  on o x i d a t i v e  hemolysis .  
E l u c i d a t e  t h e  b i o l o g i c a l  r o l e  of molecular  
n i t r o g e n .  
Continue assessment of p h y s i o l o g i c a l  risks 
and determine o p e r a t i o n a l  procedures  d u r i n g  
c o n t r o l l e d  o r  emergency decompressions.  
Study t h e  e f f e c t  of environmental  s t r e s s e s  
( i . e .  temperature  t o t a l  p r e s s u r e ,  PO and 
humidity extremes) on h i g h l y  s k i l l e d  gsy- 
chomotor t a s k  performance. 
Study t h e  p h y s i o l o g i c a l  e f f e c t s  of a l t e r -  
n a t i v e  s p a c e c r a f t  atmospheres.  
Study the  p h y s i o l o g i c a l  response  f o l l o w i n g  
t h e  t r a n s i t  from t h e  i n t r a v e h i c u l a r  two 
gas  atmosphere t o  t h e  one gas  space  s u i t  
environment. 
Simulate  o p e r a t i o n a l  and emergency metabol ic  
l oads  i n  o rde r  t o  v a l i d a t e  ECS and PLSS 
des igns .  
Determine t h e  f lammabi l i ty  of m a t e r i a l s  i n  
va r ious  S/C atmospheres ( f i r e  and f l a s h  
h a z a r d s ) .  C r i t i c a l  t e s t s  w i l l  n e c e s s a r i l y  
r e q u i r e  v a l i d a t i o n  i n  we igh t l e s s  and high-g 
s t a t e s .  
Develop p res su re ,  t empera ture  and humidi ty  
senso r s ,  and r e g u l a t i o n  dev ices  for two gas  
system a p p l i c a t i o n .  

IN-FLIGHT 1. V a l i d a t e  the  s e l e c t e d  atmosphere under  
STUDIES o p e r a t i o n a l  and emergency s i t u a t i o n s  ( co l -  

l e c t i v e  e v a l u a t i o n  of body f u n c t i o n s  i s  
r e q u i r e d  du r ing  prolonged space  f l i g h t ) .  

2. Measure energy expend i tu re s  d u r i n g  both  
i n t r a -  c a p s u l a r  l i v i n g  and e x t r a v e h i c u l a r  
a c t i v i t i e s  t o  v a l i d a t e  requi rements .  

3. Eva lua te  performance of advanced ECS 
concepts .  
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TABE3 11 

FACTOR NUTRITION (Food, Water) 

EFFECTS ON %- 1. N u t r i t i o n a l  d e f i c i e n c i e s  cause s t r u c t u r a l  
BODY FUNCTIONS and. f u n c t i o n a l  d . i sorders .  

2. Psychologica l  and m o t i v a t i o n a l  d e g r a d a t i o n s  
a r e  p o s s i b l e  d u e  t o  unacceptab le  food pres-  
e n t a t i o n s  and u n s a t i s f a c t o r y  waste manage- 
ment p r o v i s i o n s .  

DECISIONS TO 1. A c c e p t a b i l i t y  of non-convent ional  concepts  
BE MADE such a s  b i o r e g e n e r a t i v e  l i f e  suppor t  sys t ems  

and h i g h l y  concen t r a t ed  o r  s y n t h e t i c  food.  
P r a c t i c a l  q u e s t i o n s  i n c l u d e  a l s o  t h e  p e r c e n t  
of t o t a l  food r e q u i r e d  i n  n a t u r a l  s t a t e  and 
supplements (e .g .  v i tamins ,  e t c . )  

2. Necess i ty  of r e g u l a t i n g  water  uptake.  
3. N u t r i t i o n a l  requi rements  d u r i n g  prolonged 

space f l i g h t  (i. e .  c a l o r i c  con ten t ,  ingre-  
d i e n t s  and p h y s i c a l  fo rm) .  

ENGINEERING 1. Bio regene ra t ive  l i f e  suppor t  systems and/or 
IMPLICATIONS food  p r o v i s i o n s  ( p r e p a r a t i o n  and s t o r a g e ) .  

2. S a t i s f a c t o r y  waste management p r o v i s i o n s .  

GROUND BASED 1. 
R8cD 2. 

3.  

4. 

5. 
6. 

7.  

E s t a b l i s h  b a s e l i n e  me tabo l i c  d a t a .  
Determine t r a c e  n u t r i e n t s  and e s t a b l i s h  t h e i r  
importance. 
Study t h e  n u t r i t i o n a l  a c c e p t a b i l i t y  of bio-  
regenera ted ,  h i g h l y  concen t r a t ed  o r  s y n t h e t i c  
foods  over  extended p e r i o d s  of  time. 
Develop p h y s i o l o g i c a l l y  and p s y c h o l o g i c a l l y  
a c c e p t a b l e  d i e t s  f o r  space a p p l i c a t i o n s .  
Improve food r e c o n s t i t u t i o n  techr?iques.  
Develop a c c u r a t e  metabol ic  measuring pro- 
cedures  (uptake  c o n t r o l  and waste a n a l y s i s ) .  
Continue r e s e a r c h  on b i o r e g e n e r a t i v e  systems. 

IN-FLIGHT 1. V a l i d a t e  space d i e t a r y  requi rements .  
STUDIES 2. Determine long-range metabol ic  response  

(e .g .  i n t a k e  and e x c r e t i o n  of n i t r o g e n ,  ca l -  
cium, potassium, e t c .  ) . 
Eva lua te  adequacy of n u t r i t i o n a l  p r o v i s i o n s  
(i .  e . ,  type ,  form,  p r e p a r a t i o n ,  s t o r a g e  and 
p r e s e r v a t i o n  1. 
l i f e  support  systems. 

3. 

4. Evalua te  performance o f  b i o r e g e n e r a t i v e  
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TABLI3 1 2  

FACTOR MEDICAL CARE 

SCOPE 1. 
2. 
3. 
4. 

5. 
6. 

S a n i t a t i o n  and pe r sona l  hygiene.  
Prevent ive  medical  s u r v i l l a n c e .  
Maintenance of p h y s i c a l  f i t n e s s .  
Diagnos is  and t r ea tmen t  o f :  
a .  d i s e a s e s  
b .  p h y s i o l o g i c a l  decrements 
e .  i n j u r i e s .  
Surgica 1 emergencies . 
Psychologica l  a i d .  
Dental  t r ea tmen t .  

DECISIONS TO 1. Extent  of i n f l i g h t  d i a g n o s t i c  and. t r ea tmen t  
BE MADE c a p a b i l i t i e s .  

2. Necess i ty  of onboard medical pe r sonne l  
(miss ion  s p e c i f i c )  and d e l i n e a t i o n  of re- 
qu i r ed  s k i l l s .  

3. D e f i n i t i o n  of e a s i l y  measurable i n d i c e s  
which p r e d i c t  p h y s i o l o g i c a l  and performance 
degrada t ions  b e f o r e  they  become c r i t i c a l .  

4. Nature  of p r o p h y l a c t i c  c l i n i c a l  t r ea tmen t  
(e .g . ,  appendectomy) p r i o r  to n o n - o r b i t a l  
miss ions .  

ENGINEERING I. Medical examination and t r ea tmen t  a r e a .  
IMPLICATIONS 2. Sick-bay a r e a  wi th  i s o l a t i o n  f e a t u r e s  (re- 

q u i r e s  microf i l t e r i n g  of exhausted. atmos- 
p h e r e ) .  

p rov i s ions .  

c o i n p u t e ~ ~  t~ f a c i l i k a t e  medical d i a g n o s i s  
and a i d .  

3. Phys ica l  f i t n e s s  and s k i l l  maintenance 

4. P o s s i b l e  u s e  of onboard or ground.-based 

GROUND BASED 1. Improve t h e  adequacy and t i m e l i n e s s  of post-  
R8cD f l i g h t  medical examinat ions.  

2. Develop informat ion  management system to 
process  e x i s t i n g  and f u t u r e  s p a c e f l i g h t  
medical  d a t a .  

3. I d e n t i f y  t h e  most probable  p a t h o l o g i c a l  
m a n i f e s t a t i o n s  which might occur  d u r i n g  
space f l i g h t  ( e .g . ,  s tudy  epidemiology of 
c l o s e d  environments) .  
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TABLE 1 2  (CONTINUED) 

FACTOR MEDICAL CARE 

4. 

5. 

6. 

7. 

8. 

Analyze t h e  impact of p o t e n t i a l  i n - f l i g h t  
p a t h o l o g i c a l  developments on t h e  opera- 
t i o n a l  p r o f i l e  of n o n - o r b i t a l  mi s s ions .  
Develop a system which w i l l  p rov ide  t h e  crew 
with d i r e c t  p h y s i o l o g i c a l  assessment  and. 
w i l l  e l i m i n a t e  p h y s i c a l  i n t e r f e r e n c e  d u r i n g  
c r i t i c a l  ope ra t ions  ( e . g . ,  b i o s e n s o r s  - 
t r a n s m i t t o r s  l i n k e d  v i a  t e l e m e t r y  t o  a da t a  
management and d i s p l a y  sys t em) .  
Automate phys io log ica l  da t a  c o l l e c t i o n  f o r  
medical checkups and emergencies ( i . e . ,  
monitor  a s t r o n a u t s  wi thout  body senso r s* ) .  
I d e n t i f y  the  amenable systems f a i l u r e s  t h a t  
could  3ccur i n - f l i g h t ;  ana lyze  t h e i r  impact 
on crew s a f e t y  and performance; and. develop 
d.evices t o  p r o t e c t  crew whi le  c o r r e c t i v e  
a c t i o n  i s  b e i n g  taken .  
Develop d i a g n o s t i c  and t h e r a p e u t i c  ( inc lud -  
i n g  s u r g i c a l )  equipment and t echn iques  for 
space  f l i g h t  a p p l i c a t i o n s  ( e .g . ,  u t e n s i l  
and instrument  s t e r i l i z a t i o n  p r o v i s i o n s ,  
x-ray pharmaceut ical  p r e p a r a t i o n s ,  modes 
of d r u g  a d m i n i s t r a t i o n ,  e t c .  ). 

- ~~~ 

IN-FLIGHT 1. The fo l lowing  animal ( o r  o p p o r t u n i s t i c  human) 
STUDIES s t u d i e s  a re  sugges ted :  

a .  T issue  r e a c t i o n  and h e a l i n g  assessment .  
b .  Assessment of m i c r o b i a l  and v i r a l  de-  

e .  De l inea t ion  of any c l i n i c a l  symptoma- 

2. T7,-1 Vdl.Lu.a ' ; J r r c  be u A A A . A 4  0 1  in; p a l  methodology and medical 

3. Study t h e  ecology of t h e  b a c t e r i a l  environment. 
4. Monitor t h e  degree of performance r e t e n t i o n  

f e n s e  mechanisms. 

to logy  endemic to space .  

l a b o r a t o r y  equipment. 

a s  a f u n c t i o n  of  f l i g h t  d u r a t i o n .  

* The " f i e l d - e f f e c t  device ,"  a remote d e t e c t o r  of e lec t romagne t i c  
impulses  produced by b lood  flow, i s  a n  example of t h e  poss i -  
b i l i t i e s  i n  t h i s  d i r e c t i o n .  
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MAJOR IYEDICAL DECISIONS 
i< 

I n  t h i s  s e c t i o n ,  major medical d e c i s i o n s  a r e  iden- 
tif ied,  t h e i r  s i g n i f i c a n c e  d i scussed  and t h e i r  i m p l i c a t i o n s  
reviewed. 

space  system depends upon overcoming p o t e n t i a l  medical  prob- 
lems a t t r i b u t a b l e  t o  prolonged f l i g h t .  

man i n  space  and t h e  m e d i c a l  t echniques  needed to a m e l i o r a t e  
haza rds  imposed by t h e  environment. 

Based on informat ion  p resen ted  i n  T a b l e s  1 through 
12, e l even  major d e c i s i o n s  have been d i s c r i m i n a t e d .  
r e q u i r e  t h e  e s t ab l i shmen t  of: 

1. The n e c e s s i t y  of a r t i f i c i a l  g r a v i t y .  

2. Rad ia t ion  p r o t e c t i o n  g u i d e l i n e s .  

The e f f e c t i v e n e s s  of man a s  a n  i n t e g r a l  p a r t  of t h e  

Decis ions  must be made 
I concerning t h e  p h y s i o l o g i c a l  requi rements  necessa ry  t o  s u s t a i n  

These 

I 
3.  

4. 

Emergency procedures  fo l lowing  S/C p e n e t r a t i o n  
by meteoro ids .  

The d e s i r a b i l i t y  of handl ing  and/or r e t u r n i n g  
r e t r i e v e d  l u n a r  or p l a n e t a r y  samples. 

5. C r e w  s i z e ,  crew s t r u c t u r e ,  and crew s e l e c t i o n  
g u i d e l i n e s .  

6 .  The psycholo i c a l  a c c e p t a b i l i t y  of t h e  S / C  
environment 7 volume, conf igu ra t ion ,  f u r n i s h i n g s ,  
e t c . ) .  

Means of c o n t r o l l i n g  atmospheric contaminants 
t o  a c c e p t a b l e  l e v e l s .  

The p h y s i o l o g i c a l  a c c e p t a b i l i t y  of t h e  S / C  
atmosphere.  

The optimum d u r a t i o n  and. type of miss ion  s i m -  
u l a t i o n  and p recond i t ion ing .  

The n e c e s s i t y  and e x t e n t  of i n - f l i g h t  medical  
c a r e .  

The d e s i r a b i l i t y  of b i o r e g e n e r a t i v e  l i f e  suppor t  
system. 

7. 

0 u. 

9. 

10. 

11. 
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Such d e c i s i o n s  have varying i m p l i c a t i o n s  which i n  
gene ra l  a r e  m i s s i m  made and t ime  s p e c i f i c .  These a r e  con- 
s i d e r e d  below. 

I. The Necess i t l  of A r t i f i c i a l  Gravi ty .  

Common to a i l  f u t u r e  manned program a l t e r n a t i v e s  i s  
t h e  n e c e s s i t y  f o r  man to f u n c t i o n  normally i n  space,  to tol- 
e r a t e  r e - e n t r y  strc:sses and t o  readapt  s u c c e s s f u l l y  t o  normal 
E a r t h  c o n d i t i o n s .  

A r t i f i c i a l  g r a v i t y  can provide  a means of s u s t a i n -  
i ng  man i n  t h e  space environment i f  p h y s i o l o g i c a l  problems 
a t t r i b u t a b l e  to weight lessness  a r e  r evea led  du r ing  o r  follow- 
ing  prolonged space  f l i g h t .  A d e c i s i o n  r ega rd ing  t h e  n e c e s s i t y  
of a r t i f i c i a l  g r a v i t y  must be made on t h e  b a s i s  of whether o r  
no t  b o d i l y  f u n c t i o n s  a r e  maintained w i t h i n  c e r t a i n  p r e s c r i b e d  
l i m i t s .  T h e i r  es tab l i shment ,  however, may prove d i f f i c u l t  
inasmuch a s  p h y s i o l o g i c a l  norms i n  space would d i f f e r  from 
t h o s e  on E a r t h .  

From an engineer ing  p o i n t  of view, a r t i f i c i a l  g r a v i t y  
i s  u n d e s i r a b l e  and, t h e r e f o r e ,  emphasis should be placed. upon 
avo id ing  it r a t h e r  t han  t r y i n g  t o  f i n d  t h e  b e s t  way to implement 
i t .  I n v e s t i g a t i o n  of p o s s i b l e  a r t i f i c i a l  g r a v i t y  s u b s t i t u t e s  
with minimal eng inee r ing  i m p l i c a t i o n s  (such a s  exerc ise* ,  
e l a s t i c  garments, medicat ions,  e t c .  ) should p a r a l l e l  a l l  o t h e r  
space f l i g h t  a c t i v i t i e s .  Such s u b s t i t u t e s  would have t o  b e  
t e s t e d  and r e j e c t e d  be fo re  a r t i f i c i a l  g r a v i t y  is  adopted a s  
t h e  s o l u t i o n  to r evea led  problems. 

P resen t ly ,  two modes of o b t a i n i n g  a r t i f i c i a l  g r a v i t y  
a r e  b e i n g  considered,  an onboard c e n t r i f u g e  o r  s p a c e c r a f t  ro-  
t a t i o n .  S p a c e c r a f t  r o t a t i o n  could i n t e r f e r e  wi th  s c i e n t i f i c  
experiments ,  demanding e i t h e r  new experimental  des ign  or non- 
r o t a t i n g  accesso ry  exper imenta l  modules. Conversely, t h e  on- 
board c e n t r i f u g e  w i l l  n e c e s s i t a t e  s t a b i l i z i n g  p r o v i s i o n s  b u t  
would have l e s s  ~f a?? infll-ience on t h e  experiments .  

11. R a d i a t i o n  P r o t e c t i o n  Guidel ines .  

U n c e r t a i n t i e s  e x i s t  regard ing  bo th  t h e  r a d i a t i o n  
environment i n  space and t h e  p h y s i o l o g i c a l  e f f e c t  of t h i s  
environment on man. For  missions a t  synchronous a l t i t u d e s  

* It i s  t h e  b e l i e f  of t h e  a u t h o r s  t h a t  t h e  muscular e f f o r t  
r e q u i r e d  for u n r e s t r a i n e d  IVA i n s i d e  a l a r g e  enough space- 
c r a f t  w i l l  coun te rac t  any d e t r i m e n t a l  e f f e c t s  of weight- 
l e s s n e s s  on t h e  ca rd iovascu la r  and musculoske le ta l  sys tems.  
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o r  ou,s 3e t h e  E a r t n l s  magnetosphere, e v a l u a t i o n  of t h e  r ad i -  
a t i o n  hazard  i s  l i m i t e d  by t h e  p a r t i c u l a r  model chosen f o r  
p r e d i c t i n g  s o l a r  f l a r e  a c t i v i t y .  Likewise,  t h e  e x t e n t  of 
damage t o  humans a s  a r e s u l t  of r a d i a t i o n  exposure i s  no t  
p r e c i s e l y  known, mainly because t h e  c o n d i t i o n s  of exposure 
a r e  u n c e r t a i n  ( a c c i d e n t  v i c t i m s ) ,  o r  p h y s i o l o g i c a l  responses  
a r e  compounded by under ly ing  d i s e a s e  m a n i f e s t a t i o n s  (-thepa- 
peu t  i c  i r r a d i a t i o n ) .  

I n  a recrant s tudy ,  t h e  Space Science Board of t h e  
Na t iona l  Acad.emy oi" Sciences  has  d e f i n e d  r a d i a t i o n  dose -e f f ec t  
r e l a t i o n s h i p s  for space f l i g h t  a p p l i c a t i o n s  (Ref.  8 ) .  T h i s  
i n fo rma t ion  can be u t i l i z e d  by t h e  o p e r a t i n g  agency t o  es tab-  
l i s h  r a d i a t i o n  p r o t e c t i o n  c r i t e r i a .  These should b e  miss ion  
type  and miss ion  d u r a t i o n  s p e c i f i c ,  and they  must r e p r e s e n t  
t rad .e -of fs  among a s t r o n a u t  hazard,  a n t i c i p a t e d  ga in ,  p e n a l t y  
of i n c r e a s e d  s h i e l d i n g  and mission a b o r t  c a p a b i l i t y .  

S p e c i a l  c o n s i d e r a t i o n  should  be g iven  i n  developing 
p r o t e c t i o n  schemes. For example, r ad . i a t ion  s h e l t e r s  appear  
t o  be a d e s i r a b l e  f e a t u r e  of f u t u r e  manned module i n  non- 
o r b i t a l  t r a j e c t o r i e s .  Also, t r ansmiss ion  t i m e  l a g s  and. i n t e r -  
m i t t e n t  communication l i n k s  w i t h  ear th-based  warning systems, 
i nd . i ca t e  t h e  need of i nc lud ing  s o l a r  f l a r e  s u r v e i l l a n c e  a s  an  
i n f l i g h t  t a s k  du r ing  p l a n e t a r y  missions.  

111. 
Meteoroids.  

Emergency Procedures  Following S/C P e n e t r a t i o n  by 

Meteo r i t e s  c o n s t i t u t e  a haza rd  because of t h e i r  
a b i l i t y  to puncture  t h e  h u l l  of t h e  s p a c e c r a f t  and. cause phys- 
i c a l  damage to both  systems and crew. A deeper  understand.ing 
is, t h e r e f o r e ,  needed of hyperve loc i ty  p e n e t r a t i o n  consequences 
i n  connec t ion  wi th  a s t r o n a u t  s a f e t y .  While t h e  meteoroid. en- 
vironment i n  t h e  n e a r  Ea r th  space i s  reasonably  w e l l  de f ined ,  
t h e  p e n e t r a t i o n  hazard  i n  deep space d.eserves f u r t h e r  s c r u t i n y ,  
p a r t i c u l a r l y  f o r  f l i g h t s  with aphe l ion  i n s i d e  t h e  a s t e r o i d a l  
belt. 

Medical d e c i s i o n s  concern p r i m a r i l y  t h e  e s t ab l i shmen t  
of emergency procedures  t o  a s s u r e  crew s a f e t y  i n  case  of pene- 
t r a t i o n .  Depending on t h e  r i s k  involved (miss ion  type  and m i s -  
s i o n  d u r a t i o n  s p e c i f i c ) ,  t h e s e  d e c i s i o n s  could have eng inee r ing  
r a m i f i c a t i o n s  such a s  v e h i c l e  compartmental izat ion,  p e n e t r a t i o n  
warning network, systems a c c e s s i b i l i t y  and ma in ta inab i l i t y . .  

IV.  
P l a n e t a r s  SamDles. 

The D e s i r a b i l i t y  of Handling and/or Returning Re t r i eved  

Al i en  forms of l i f e  could be i n h e r e n t l y  pathogenic  
t o  E a r t h  organisms, o r  may acqu i re  pathogenic  c h a r a c t e r i s t i c s  
through a d a p t a t i o n  once insid.e t h e  t e r r e s t r i a l  b iosphere .  
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Thus, u n t i l  f u t u r e  f i n d i n g s  unquestionabl:7 prove o therwise ,  
the  assumption t h a t  a p o t e n t i a l l y  h o s t i l z  exobio ta  e x i s t s  must 
remain and t h e  requirements  f o r  safeguard a g a i n s t  crew and 
back contaminat ion  m L . s t  be de f ined  and implemented a s  care- 
f u l l y  a s  p o s s i b l e .  

V. Crew S i z e ,  C r e w  S t r u c t u r e  and C r e w  S e l e c t i o n  Guid.elines.  

While eng inee r ing  c o n s t r a i n t s  can be used t o  y i e l d  
a minimum crew s i z e ,  t h e  i n t e r p e r s o n a l -  s o c i a l  requi rements  
which must a l s o  be s a t i s f i e d  a r e  n o t  e a s i l y  q u a n t i f i a b l e .  
S t r e s s  could  be caused by l i m i t i n g  b o t h  t he  range of s o c i a l  
r o l e s  a v a i l a b l e  to t h e  i n d i v i d u a l  and t h e  degree  of i n t e r -  
p e r s o n a l  i n t e r a c t i o n  t o  which each crew member i s  exposed 
(Ref. 9 ) .  

I n  t h e  anecdo ta l  l i t e r a t u r e ,  group s t r u c t u r e  has  
g e n e r a l l y  been predetermined and t h e  l e a d e r s h i p  h a s  been a b l e  
t o  ma in ta in  i t s  a u t h o r i t y .  S t u d i e s  of s e l e c t e d  crews r e v e a l e d  
t h a t  crewmen ra ted .  each o t h e r  i n  terms of achievements and 
t h e i r  o f f i c e r s  i n  terms of e f f e c t i v e n e s s  ( R e f .  10). S o c i a l  
c o m p a t i b i l i t y  becomes i n c r e a s i n g l y  important  f o r  l o n g e r  
mis s ions .  

More r e s e a r c h  i s  necessary  b e f o r e  q u a n t i t a t i v e  
c r i t e r i a  for crew s e l e c t i o n  ( a p p l i c a b l e  to t h e  p l ann ing  of 
long-d.urat ion space mis s ions )  can be e s t a b l i s h e d .  

V I .  The Psychologica l  A c c e p t a b i l i t y  of t h e  S/C Environment. 

f l i g h t  a r e  p o t e n t i a l  s t r e s s o r s  about  which eng inee r ing  deci-  
s i o n s  based  on psychologica l  c o n s i d e r a t i o n s  must be  made. 
Exper imenta l  d a t a  i n d i c a t e s  t h a t  "volume pe r  man" i s  a con- 
t r o l l i n g  f a c t o r  i n  reducing  behav io ra l  a b e r r a t i o n s  and t h a t  
h i g h l y  h a b i t a b l e  environments h e l p  i n  reducing  performance 
decrements and pe r sona l  stress. However, t h e  r e l a t i o n s h i p  
betrnreen t h e  a c c e p t a b l e  minimum volume p e r  man a s  a f u n c t i o n  
of mis s ion  d u r a t i o n  ( f o r  extended. space f l i g h t )  h a s  y e t  to 
be  determined ( R e f s .  9, 11 and 1 2 )  and h a b i t a b i l i t y  r equ i r e -  
ments remain u n c e r t a i n .  

I s o l a t i o n  and confinement du r ing  prolonged space 

A b a s i c  need even of s o c i a l l y  wel l -adapted humans 
i s  t h e  oppor tun i ty  f o r  some s o l i t u d e .  
d e n s i t y  ( o r  volume/man) i s  t o l e r a b l e ,  s a c r i f i c e s  w i l l  be made 
f o r  a common cause.  Beyond t h i s  p o i n t ,  b e h a v i o r a l  problems 
a r e  unavoidable ,  sugges t ing  t h a t  pe r sona l  t e r r i t o r i a l i t y  
( r e g a r d l e s s  of t h e  h i e r a r c h i c a l  r ank ing  of t h e  i n d i v i d u a l )  
should  be cons idered  i n  S/C d.esign. 

A s  l ong  a s  popu la t ion  
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I n  connecLion w i t h  work-rest  schedul ing ,  medical  de-  
c i s i o n s  to be  made a r e  t h e  n e c e s s i t y  of maLntaining a twenty- 
f o u r  h o u r  p e r i o d i c i t y ,  t h e  establishmeni;  01' ail optimum work-rest  
r a t i o ,  and t h e  d e s i g a a t i o n  of  a minimum cont inuous s l e e p  pe r iod .  

I n t e r v e n i n g  l o n g  f l i g h t  t imes p l u s  t h e  p h y s i o l o g i c a l  
and psycho log ica l  demands of t h e  mis s ion  may be expec ted  t o  de- 
grade a s t r o n a u t  o p e r a t i o n a l  s k i l l  and s c i e n t i f i c  p r o f i c i e n c y .  
I n f l i g h t  l i v e  p r a c t i c e  runs ,  s imu la t ions ,  or even t u t o r i n g  
from t h e  ground via  communication l i n k s  should  be  cons idered  
e s s e n t i a l  i n  h e l p i n g  t o  main ta in  such crew a t t r i b u t e s .  

V I I .  Means of C o n t r o l l i n g  Atmospheric Contaminants t o  
Acceptable  Levels .  

m a t e r i a l  o r i g i n .  Normally non-toxic a tmospheric  contaminants  
may cause adve r se  p h y s i o l o g i c a l  e f f e c t s  ( r a n  i n g  from non- 
s p e c i f i c  f u n c t i o n a l  s h i f t s  t o  i n c a p a c i t a t i o n  7 under prolonged 
and cont inuous exposure.  Therefore ,  i t  i s  necessa ry  t o  de t e r -  
mine t o l e r a n c e  l i m i t s ,  t o  i d e n t i f y  means of d e t e c t i o n  and t o  
e s t a b l i s h  methods of c o n t r o l  t o  a c c e p t a b l e  l e v e l s .  Opera t iona l  
t o l e r a n c e  l i m i t s  should b e  determined through s i m u l a t i o n s  and. 
v a l i d a t e d  d u r i n g  long-dura t ion  f l i g h t s  i n  E a r t h  o r b i t .  Space- 
c r a f t  m a t e r i a l s  must a l s o  be s t u d i e d  t o  i d e n t i f y  t h e  e x t e n t  
of t o x i c  and f i r e  haza rds  they  present .  

Sources  of cab in  contaminat ion a r e  of bo th  human and 

It has  been observed t h a t  und.er c o n d i t i o n s  of bio-  
l o g i c a l  i s o l a t i o n ,  t h e  ecology of t h e  indigenous mic ro f lo ra  
of humans a r e  a l t e r e d  o r  even d i s r u p t e d .  D i f f e r e n t  s p e c i e s  
predominate and "microbic shock" could develop upon r e t u r n  t o  
normal E a r t h  c o n d i t i o n s .  Diges t ion ,  n u t r i t i o n  and immunity 
could a l s o  be  a f f e c t e d  d u r i n g  f l i g h t .  

VIII. The Phys io log ica l  A c c e p t a b i l i t y  of t h e  S/C Atmosphere. 

The s t a n d a r d s  f o r  accep tab le  cab in  atmospheres should  
a s s u r e  maintenance of maximum p h y s i o l o g i c a l  comfort ,  p h y s i c a l  
e f f i c i e n c y ,  and  s a f e t y  d u r i n g  t h e  f l i g h t .  These i n c l u d e  t h e  
ba romet r i c  p r e s s u r e ,  t h e  n a t u r e  and abundance of c o n s t i t u e n t  
gases ,  t h e  tempera ture ,  t h e  humidity, and the  r a t e  of c i r c u l a -  
t ion .  

A t  p r e s e n t ,  t h e  u t i l i z a t i o n  of a t w o  gas (oxygen/ 
n i t r o g e n )  atmosphere a t  a t o t a l  p r e s s u r e  of 5 p s i  has  been 
adopted  for miss ions  exceeding 30 days (Ref.  13) .  Based on 
animal  s t u d i e s ,  t h i s  atmosphere h a s  been shown t o  be ph s i o -  
l o g i c a l l y  a c c e p t a b l e  f o r  a t  l e a s t  e i g h t  months ( R e f .  147. 
A t e s t  program may be r e q u i r e d  t o  v a l i d a t e  t h i s  atmosphere 
f o r  l o n g e r  miss ions .  
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Success fu l  a p p l i c a t i o n  of a t w o  g a s  system n e c e s s i -  
t a t e s  t h e  i n i t i a t i o n  of an  i n t e n s i v e  ground-based program i n  
deve loping  g a s  moni tor ing  and c o n t r o l  equipment t o  p rov ide  a 
s o l u t i o n  t o  the  d i f f i c u l t  problem of ma in ta in ing  t h e  ambient 
medium r e l a t i v e l y  cons t an t .  

I X .  The Optimum Durat ion and Type of Mission S imula t ion  and 
P recond i t ion ing .  

Very l i t t l e  i s  p r e s e n t l y  known abcut  t h e  r e l a t i v e  
d u r a t i o n  and t y p e  of ground-based s i m u l a t i o n  necessa ry  t o  
v a l i d a t e  a given miss ion .  E x t r a p o l a t i o n s  from simulated.  t o  
a c t u a l  e v e n t s  may no t  have f i d e l i t y  i f  on ly  because crew mo- 
t i v a t i o n  i s  expec ted  t o  vary.  

Techniques f o r  drawing meaningful i n f e r e n c e s  from 
ground-based s i m u l a t i o n s  need t o  be developed. 

X. The Necess i ty  and Extent  of I n f l i g h t  Medical C a r e .  

During manned p l a n e t a r y  f l i g h t s ,  it is  n e i t h e r  pos- 
s i b l e  t o  a b o r t  t h e  miss ion  n o r  f e a s i b l e  t o  r e p l a c e  an  incapac i -  
t a t e d  man. Therefore ,  t h e  c l i n i c a l  a s p e c t s  of space  f l i g h t  
t h a t  would provide  r a p i d  de t e rmina t ion  of p a t h o l o g i c a l  s t a t e s  
and means of e f f e c t i v e  medical  a s s i s t a n c e  must be developed. 
Reference should  a l s o  be made t o  t h e  exper ience  ga ined  i n  
nava l  medicine which has  a t  i t s  d i s p o s a l  f a i r l y  e x t e n s i v e  
s t a t i s t i c a l  in format ion  p e r t a i n i n g  t o  p a t h o l o g i c a l  e f f e c t s  
i n  i s o l a t e d  groups of  people  under demanding c o n d i t i o n s .  It 
shou ld  be recognized,  however, t h a t  t h e  concurren t  a c t i o n  of 
s e v e r a l  environmental  f a c t o r s  endemic t o  space could cause 
m a n i f e s t a t i o n s  unknown t o  convent ional  p r a c t i c e .  

X I .  The D e s i r a b i l i t y  of B io regene ra t ive  L i f e  Support  Systems 

The d e s i r a b i l i t y  of b i o r e g e n e r a t i v e  l i f e  suppor t  
systems w i l l  be decided. on t h e  b a s i s  of bo th  medical  and en- 
g i n e e r i n g  c o n s i d e r a t i o n s .  
and psycho log ica l  a c c e p t a b i l i t y  of t h e  r egene ra t ed  food, i t s  
p a l a t a b i l i t y ,  t o x i c i t y ,  and t h e  p e r c e n t  of n a t u r a l  food, v i t a -  
mins, and o t h e r  supplements which must be  added t o  p reven t  
d e f i c i e n c i e s .  P a l a t a b i l i t y  and. a c c e p t a b i l i t y  of t h e  food  a r e  
known t o  be important  i n  ma in ta in ing  morale, and meal t i m e  h a s  
been shown t o  s e r v e  an  important  s o c i a l  f u n c t i o n  i n  i s o l a t e d  
groups .  

The f ormei- concern t h e  p h y s i e l o g i c a l  
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PROGRAM SEQUENCE AND DECISION TIME PHASING-A HYPOT€€ETICAL EXAMPLE 

I n  t h i s  s e c t i o n ,  r e sea rch  a c t i v i t i e s  a r e  i n t e g r a t e d .  
and medical d e c i s i o n s  a r e  t i m e  phased to i l l u s t r a t e  b o t h  t h e  
type of p lanning  r e q u i r e d  and t h e  e x t e n t  of i n t e r o f f i c e  coordi-  
n a t i o n  needed t o  meet t h e  cha l lenge  of a pac ing  goa l .  

The e s t ab l i shmen t  of any g iven  goa l  c o n s t r a i n e d  w i t h i n  
a f i x e d  t i m e  p e r i o d  p rov ides  t h e  v e c t o r  a long  which and by which 
a l l  c o n t r i b u t o r y  s t e p s  t end  t o  o r i e n t  and s i z e  themselves,  re-  
s p e c t i v e l y .  If  t h e  end p o i n t  i s  u n c e r t a i n  or i nadequa te ly  
de f ined ,  t h e  o r i e n t a t i o n  of t h i s  v e c t o r  could be pe rce ived  
d i f f e r e n t l y  by d i f f e r e n t  r e s p o n s i b l e  people .  
r e s u l t  i f  t h e  ind. ividua1 o b j e c t i v e s  of p a r a l l e l  o r  s e q u e n t i a l  
e v o l u t i o n a r y  s t e p s  a r e  d ive rg ing  i n s t e a d  of converging. 

It i s  important  t o  r e a l i z e  t h a t  t h e  e s t ab l i shmen t  of 
any one o b j e c t i v e  w i l l  s u f f i c e  t o  bound a program, while  t h e  
choice of t h e  o b j e c t i v e  i t s e l f  w i l l  f o r c e  program d e P i n i t i o n  
and p l ann ing  i n  a p a r t i c u l a r  d i r e c t i o n .  Consequently, i d e n t i -  
f y i n g  an  o b j e c t i v e  can be more important than  t h e  o b j e c t i v e  
i t s e l f .  

Confusion may 

Inasmuch a s  t h e  more a m b i t i o u s  t h e  o b j e c t i v e  t h e  more 
demanding t h e  requi rements  a r e ,  a manned Mars reconnaissance  
miss ion  a t  t h e  e a r l i e s t  oppor tun i ty  i s  adopted here  as t h e  
pac ing  g o a l  t o  exemplify program d e f i n i t i o n  du r ing  the  i n t e r i m  
p e r i o d .  

I n  F igu re  3, t h e  p recu r so r  a c t i v i t i e s  and t h e  t ime 
phas ing  of d e c i s i o n s  i n  suppor t  of a manned Mars f l y b y  mission 

a r e  i n d i c a t e d .  These a r e  d iscussed  below.  

I. Precur so r  A c t i v i t i e s .  

d-esign, f a b r i c a t i o n ,  t e s t i n g  and v a l i d a t i o n  of t h e  f l y b y  module. 
A d . ress  r e h e a r s a l  i n  e a r t n  o r b i t  of tbe  e n t i r e  miss ion  i s  en- 
v i saged  t o  e v a l u a t e  both systems and o p e r a t i o n s  and a l low 
s u f f i c i e n t  t ime f o r  development and obse rva t ion  of s u b t l e  
e f f e c t s .  The e v o l u t i o n  of t h i s  program p l a c e s  a c o n s t r a i n t  
upon t h e  t ime a t  which p e r t i n e n t  in format ion  from a l l  o t h e r  
p r e c u r s o r  a c t i v i t i e s  must be a v a i l a b l e  f o r  d e c i s i o n  making. 

e s s e n t i a l  t o  t h e  success  of prolonged manned miss ions  w i l l  be  
ob ta ined  f rom a s e r i e s  of manned f l i g h t s  of i n c r e a s i n g  l e n g t h  
coupled wi th  r o u t i n e  i n - f l i g h t  o b s e r v a t i o n s  and s y s t e m a t i c  
ground-based r e s e a r c h .  These r o u t i n e  obse rva t ions  w i l l  be  
extended t o  f i n e r  measurements and d i s c r i m i n a t i o n s  a s  r e q u i r e d  
by r e v e a l e d  problem a r e a s  u n t i l  t h e  e t i o l o g y  of t h e  f i n d i n g s  
observed h a s  been adequa te ly  understood and u n t i l  remedia l  or 

An eng inee r ing  type  program w i l l  be needed f o r  t h e  

Medical, phys io log ica l  and b e h a v i o r a l  knowledge 
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p r e v e n t a t i v e  techi i iques have been s a t i s f a c t o r i l y  e s t a b l i s h e d .  
Advance schedul ing  of i n d i v i d u a l  s t u d i e s  i s  n3t  a p p l i c a b l e  to 
t h e  program s i n c e  i t  i s  u n c e r t a i n  what problem a r e a s  w i l l  be 
r e v e a l e d .  

An " I n t  eq ra t ed  Medical Behavioral  Labora tory  Measure- 
ment System'' (IMBLMS) f o r  t h e  a c q u i s i t i o n  of  i n - f l i g h t  medical 
d a t a  i s  p r e s e n t l y  undergoing f i n a l  d e f i n i t i o n .  The IMBLMS i s  
a compact u n i t  b u i l t  i n  modular form which w i l l  a l low simple 
exchange of  measuring equipment. The b a s i c  r eason  f o r  spec i -  
f y i n g  modular d e s i g n  i s  to g i v e  v e r s a t i l i t y  to t h e  system, 
enab l ing  the  replacement o f  equipment no l o n g e r  needed w i t h  
h i g h e r  p r e c i s i o n  i n s t r u m e n t a t i o n  necessa ry  f o r  d e t a i l e d  s tudy  
of  r evea led  problem a r e a s  i n  f u t u r e  f l i g h t s .  It a l s o  a l lows  
i n t e g r a t i o n  of t h e  conceived i n - f l i g h t  medical  experiments  and 
o p t i m i z a t i o n  of equipment commonality and crew tasks .  It con- 
s i s t s  of  p h y s i o l o g i c a l ,  biochemical,  performance, and d a t a  
management components . 

An important  i s s u e  concerning medical v a l i d a t  i o n s  i s  
t h e  b i o l o g i c a l  d e f e n s i b i l i t y  of  t h e  choice  of the  p r e s e n t l y  
adopted incrementa l  approach through twofold i n c r e a s e s  i n  f l i g h t  
d u r a t i o n .  Problems may a r i s e  i f  any p h y s i o l o g i c a l  responses  
to st ress  a r e  i n i t i a t e d  as th re sho ld  phenomena r a t h e r  t h a n  
monotonic f u n c t i o n s  of  s t ress  d u r a t i o n .  The e x t e n t  t o  which 
such t h r e s h o l d  responses  occur  i n  humans i s  u n c e r t a i n .  How- 
eve r ,  i f  t h e y  do, t h e i r  i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  
are  c r u c i a l  to program planning .  

A r e l a t e d  q u e s t i o n  concerns t h e  f l i g h t  d u r a t i o n  nec- 
e s s a r y  t o  q u a l i f y  man f o r  i n t e r p l a n e t a r y  mis s ions .  Based on 
t h e  o b s e r v a t i o n  that  t h e  a d a p t a t i o n  times for human response  
seldom exceed 30 to 90 days  and are g e n e r a l l y  much s h o r t e r ,  
mi s s ions  of 90 days  w i l l  probably s u f f i c e  to revea l  any med- 
i c a l  problems which could ques t ion  t h e  f e a s i b i l i t y  of long  
d u r a t i o n  manned mis s ions .  

Animal s t u d i e s  inc lud lng  those GF s imple r  srganisms 
could b e  b e n e f i c i a l  and could c o n t r i b u t e  g r e a t l y  t o  our  knowl- 
edge of  phys io logy  i n  space .  A c t i v i t i e s  should i n c l u d e  ex- 
per iments  i n v e s t i g a t i n g  the  b i o l o g i c a l  e f f e c t s  of t h e  space 
environment on c e l l u l a r  as w e l l  a s  on h i g h e r  l e v e l s  of organ- 
i z a t i o n .  P a r t i c u l a r  emphasis should be p laced  on s t u d i e s  i n  
g e n e t i c s ,  development, and mammalian phys io logy .  I n  a d d i t i o n ,  
mammalian behavior  under  t h e  s t r e s s  of  t he  space environment,  
i n c l u d i n g  t h e  e f f e c t s  o f  t h e  d i s r u p t i o n  o f  n a t u r a l  biorhythms, 
should a l s o  be s t u d i e d .  Experiments on organisms o t h e r  t h a n  
man have t h e  obvious advantages o f  a l lowing  wide use  of i m -  
p l a n t e d  s e n s o r s  and p e r m i t t i n g  specimen s a c r i f i c e  and subsequent 
h i s t o l o g i c a l  s t u d i e s .  However, t o  a s s u r e  t h e  v a l i d i t y  of i n -  
f l i g h t  r e s u l t s ,  s p e c i e s  should be s e l e c t e d  which w i l l  minimize 
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t h e  problem of e x t r a p o l a t i n g  the animal d a t a  t o  man. I n  addi -  
1 ion,  t h i s  program must. be planned s o  tha t  i t  i s  a p i l o t  r a t h e r  
t han  a follow-up v a l i d a t i o n  e f f o r t .  

Experiments ShQuld a l so  be per.formed on mammals to 
determine  t h e i r  response  t o  i n j u r y ,  medica t ion ,  and i n f e c t i o n  
under space f l i g h t  c o n d i t i o n s .  Th i s  program would a i d  i n  t h e  
development of i n € l i g h t  d i a g n o s t i c  procedures  and c l i n i c a l  
t echn iques  which could be  n e c e s s i t a t e d  d u r i n s  prolonged non- 
o r b i t a l  mi s s ions .  

During t h e  hypothesized Mars f l y b y  miss ion ,  p l a n e t a r y  
s u r f a c e ,  subsu r face ,  and atm,ospheric samples would b e  acqui red  
by means of a n  unmanned r ecove rab le  probe .  Payload r ecove ry  
i s  achieved under  s t e r i l e  cond i t ions  t o  prevent  cross-contam- 
i n a t  i o n .  I n f l i g h t  examinat ion of t h e  p l a n e t a r y  samples behind 
a b i o l o g i c a l  b a r r i e r  would be begun immediately pos t - recovery  
by a b i o l o g i s t - a s t r o n a u t  i n  case  Mart ian b i o t a ,  i f  p r e s e n t ,  
should f a i l  to s u r v i v e  t h e  r e t u r n  t r i p  to E a r t h  (Ref .  15). 
Consequently,  a r e s e a r c h  e f f o r t  would be under taken  t o  d e s i g n  
a p l a n e t a r y  module w i t h  a b i o l a b  and t o  deve lop  t echn iques  for 
cross-contaminat ion  c o n t r o l ,  specimen handl ing ,  and specimen 
p r e s e r v a t i o n .  A l so ,  a sample a n a l y s i s  r e h e a r s a l  i n  ea r th  
o r b i t  t o  r e t r i e v e  and ana lyze  a known sample should be sched- 
uled a t  l ea s t  two y e a r s  b e f o r e  an a c t u a l  i n t e r p l a n e t a r y  
miss ion .  The g o a l s  of t h i s  f l i g h t  would be t o  v a l i d a t e  t he  
equipment, t o  e v a l u a t e  sample handl ing methodology, and t o  
a s c e r t a i n  problem areas i n  t i m e  to avoid program d i s l o c a t i o n .  

Research and development i n  b io technology and human 
eng inee r ing  should cont inue  i n  a r e a s  such as  advanced l i f e  
support  and p r o t e c t i v e  systems, EVA technology and procedures  
( r e scue ,  t r a n s f e r ,  assembly) ,  and improvements i n  systems 
m a i n t a i n a b i l i t y  and s p a c e c r a f t  h a b i t a b i l i t y .  The a p p l i c a t i o n  
of t h i s  program to t h e  f l i g h t  s i t u a t i o n  w i l l  i n c r e a s e  human 
s a f e t y  and performance. 

F i n a l l y ,  a n  unmanned deep space program w T l T  be 
r e q u i r e d  t o  v a l i d a t e  the  meteoroid,  a s t e r o i d a l  and r a d i a t i o n  
environments,  and to provide  p re l imina ry  in fo rma t ion  concern- 
ing  t h e  p h y s i c a l  and b i o l o g i c a l  c h a r a c t e r i s t i c s  of Mars. Such 
environmental  d a t a  w i l l  h e l p  opt imize systems d e s i g n  and in -  
c r e a s e  t h e  e f f e c t i v e n e s s  of  t h e  d a t a  r e t u r n  from t h e  f l y b y  
mis s ion .  

11. Dec i s ion  P o i n t s .  

Medical d e c i s i o n s  must be made r e g a r d i n g  b o t h  t h e  
f e a s i b i l i t y  of long  d u r a t i o n  space f l i g h t  and the  t echn iques  
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necessa ry  to a m e l i o r a t e  hazards  imposed by tl e environment.  
While d e c i s i o n s  as such a r e  requi red  b y  t h e  f l i g h t  s u t u a t i o n  
a lone ,  i r r e s p e c t i v e  of' any end p o i n t s ,  t i m e  phasing of t h e s e  
d e c i s i o n s  i s  only  necessa ry  i f  demands ',mposed by a pac ing  
program are  t o  be met .  Decis ions  and d e c i s i Q n  p o i n t s  would 
then  be e s t a b l i s h e d  alia ass igned ,  r e s p e c t i v e l y ,  on the  basis 
of' t h e i r  r e l evance  t o  the program. For example, d e c i s i o n s  
which could have l a r g e  engineer ing  r a m i f i c a t i o n s  r e q u i r i n g  
long development lead t imes  must be made a t  t h e  ear l ies t  pos- 
s i b l e  t i m e  i n  o r d e r  t o  avoid d i s l o c a t i o n s .  T h i s  e a r l i e s t  
p o s s i b l e  t i m e ' '  may vary for d e c i s i o n s  concerning t h e  same 
hazard if a l t e r n a t i v e  engineer ing  remedies ( g e n e r a l l y  having 
d i f f e r e n t  impacts )  can be  used .  Medical d e c i s i o n s  a re  ex- 
pected t o  impact h e a v i l y  on t h e  engineer ing  implementat ion of 
t h e  f l y b y  module and should be made b e f o r e  f i n a l  d e s i g n  and 
development a r e  underway. However, because of r a p i d  program 
pacing,  some d e c i s i o n s  have to be premature ly  fo rced  and 
a w a i t  o p e r a t i o n a l  v a l i d a t i o n .  It i s  be l i eved  that  t h e s e  

' I  

fo rced ' '  d e c i s i o n s  could be made as e a r l y  as 1969, i f  necessary  I '  

The d e c i s i o n  concerning ar t  i f  i c i a l  g r a v i t y  should 
be made fo l lowing  a t  l ea s t  a 60, b e t t e r  y e t  a 90, day d u r a t i o n  
mis s ion  and p r e f e r a b l y  b e f o r e  f i n a l  d e s i g n  of t h e  Mars module 
i s  completed. A d e c i s i o n  not t o  i n c l u d e  a r t i f i c a l  g r a v i t y  
w i l l  r e q u i r e  p h y s i o l o g i c a l  v a l i d a t i o n  d u r i n g  t h e  f i rs t  long 
d u r a t i o n  f l i g h t  ( e  . g . ,  1 y e a r ) .  

Enough in fo rma t ion  w i l l  b e  avai lable  to make d e c i s i o n s  
by 1968 concerning r a d i a t i o n  exposure g u i d e l i n e s  for s h o r t  
term synchronous and l u n a r  miss ions .  For Mars f l y b y ,  a de- 
c i s i o n  4-6 y e a r s  b e f o r e  f l i g h t  i s  d e s i r a b l e  a l though  any d e l a y  
i n  r each ing  i t  i s  not expected t o  impact h e a v i l y  on S/C i m -  
plement a t  i o n .  

Biomedical cons ide ra t ions  concerning crew p r o t e c t  i o n  
fo l lowing  S/C p e n e t r a t i o n  by meteoroids  or a s t e r o i d s  could 
l e a d  t o  d e c i s i o n s  having engineer ing  r a m i f i c a t i o n s .  Such de- 
G ~ D L ~ ~ ~ ~  must, t h e r e r o r e ,  be n;ade b e f o r e  t h e  f i n a l  d e s i g n  of 
t h e  f l y b y  module i s  completed. 
..- ?.: ,-,__ 

An a p r i o r i  d e c i s i o n  could be made at  any t i m e  con- 
ce rn ing  t h e  d e s i r a b i l i t y  o f  i n t roduc ing  p l a n e t a r y  samples i n t o  
t h e  e a r t h ' s  b iosphe re .  Such a d e c i s i o n  could b e  based on t h e  
e f f e c t i v e n e s s  of handl ing  techniques  evolved for t he  r e t u r n e d  
l u n a r  samples.  A f i n a l  d e c i s i o n  bea r ing  on t h e  d e s i r a b i l i t y  
of r e t u r n i n g  Mar t ian  samples t o  E a r t h  could await i n f l i g h t  
d e t e c t  i o n  and p r e l i m i n a r y  c h a r a c t e r i z a t i o n  of p o s s i b l e  Mart ian 
b i o t a ,  p r e f e r a b l y  on a n  unmanned b a s i s .  
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I f  resear(.h i s  proper ly  d i r e c t e d  toward t h e  space 
f l l g h t  s i t u a t i o n ,  a d e c i s i o n  on crew s i z e  arLd composition 
could b e  forced  on t h e  basis o f  ground-based s t u d i e s ,  and 
v a l i d a t e d  du r ing  subsequent long d u r a t i o n  f l i g h t s  i n  Ea r th  
o r b i t .  T h i s  d e c i s i o n  w i l l  have an impact on t h e  s i z e  and 
c o n f i g u r a t i o n  of t h e  p l a n e t a r y  module. 

Present  knowledge i n d i c a t e s  t h a t  ground-based re- 
s e a r c h  supplemented w i t h  long-durat ion AAP miss ions  i s  neces- 
s a r y  b e f o r e  h a b i t a b i l i t y  requirements  can be i d e n t i f i e d .  
However, s i n c e  t he  r e l a t i v e l y  long t imes r equ i r ed  to develop 
space systems make an  e a r l y  d e c i s i o n  d e s i r a b l e ,  experiments  
i n  h a b i t a b i l i t y  should c o n s t i t u t e  a b a s i c  o b j e c t i v e  of e a r l y  
o r b i t a l  workshop mis s ions .  Decis ions concerning h a b i t a b i l i t y  
requi rements  could be made fol lowing the workshop miss ions  
and v a l i d a t e d  du r ing  subsequent long d u r a t i o n  f l i g h t s  i n  
Ea r th  o r b i t .  

The de t e rmina t ion  o f  adequate means of  main ta in ing  
atmospheric  contaminants to accep tab le  l e v e l s  could be  made 
a t  p r o j e c t  go-ahead and va l ida t ed  by ground-based s t u d i e s .  

Enough f l i g h t  information w i l l  be  a v a i l a b l e  i n  l a t e  
AAP t o  va l ida t e  t he  d e c i s i o n  ( a l r eady  made) to u s e  a 5 p s i  
(69% 02, 31% N 2 )  atmosphere i n  prolonged miss ions .  

i s  envisaged t o  t e s t  systems and o p e r a t i o n s .  This  r e h e a r s a l  
w i l l  a l s o  o f f e r  the  oppor tun i ty  t o  v a l i d a t e  crew performance 
under cond i t ions  most c l o s e l y  s imula t ing  t h e  a c t u a l  f l i g h t .  

A dress  rehearsal of  the  Mars miss ion  i n  E a r t h  o r b i t  

A d e c i s i o n  i n d i c a t i n g  t h e  n a t u r e  of c l i n i c a l  imple- 
menta t ions  necessa ry  f o r  p l a n e t a r y  f l i g h t s  could be forced  
soon based on a v a i l a b l e  nava l  medical exper ience .  T h i s  d e c i -  
s i o n  would be v a l i d a t e d  through c l i n i c a l  and t h e r a p e u t i c  
s t u d i e s  on mammals i n  E a r t h  o r b i t .  

Current estimates I n d i c a t e  t h a t  for advanced manned 
miss ions  p r i o r  1980, food r egene ra t ion  i s  not f e a s i b l e  because 
of t h e  long lead times r equ i r ed  f o r  systems development and 
v a l i d a t i o n .  Conversely, water r e c y c l i n g  and oxygen reclama- 
t i o n  appear  t o  be w i t h i n  present  t e c h n o l o g i c a l  c a p a b i l i t i e s .  

CONCLUSIONS 

The a t tempt  has been  made i n  t h i s  r e p o r t  t o  put t h e  
medical  program i n  support  for advanced manned missions i n t o  
p rope r  p e r s p e c t i v e .  I n - f l i g h t  and ground-based r e s e a r c h  ob- 
j e c t i v e s  have been proposed, major medical d e c i s i o n s  have been 
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i d e n t i f i e d  and program planning  has been cons ide red .  A s  an  
zxample, a manned p l a n e t a r y  reconnaissarlce u iss ic )n  has been 
assumed to i l l u s t i - a t e  t h e  requirements  that must be consider A. 
Decis ion  and v a l i d a t i o n  p o i n t s  have been i d e n t i f i e d  and SUF- 
p o r t i v e  a c t i v i t i e s  llave been e s t a b l i s h e d  to r,leet t h e  r e q u i i  e 

ments of a r e p r e s e n t a t i v e  program cons t r a ined  by  a d e f i n i t e  
g o a l .  

It i s  ev ident  from t h i s  a n a l y s i s  t ha t  coord ina t ion  
and i n t e g r a t i o n  of medical and medica l ly  r e l a t e d  e f f o r t s  
w i t h i n  t h e  th ree  NASA o f f i c e s -  and t h e i r  c e n t e r s  i s  necessz ry  
to suppor t  a manned space f l i g h t  program. 
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